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FOREWORD 

T h i s  Pr imer i s  an e d i t e d  v e r s i o n  o f  a s e t  o f  no tes  produced f o r  a CAMAC 
course g iven a t  Los Alamos i n  January-February, 1982. The i n t e n t i o n  o f  t h i s  
Pr imer i s  t o  i n t r o d u c e  CAMAC and t o  e x p l a i n  t h e  bas ics  o f  t h e  system f r o m  a 
u s e r ' s  and CAMAC p l u g - i n  d e s i g n e r ' s  p o i n t  o f  view. An at tempt has been made 
t o  p u l l  t o g e t h e r  those aspects o f  CAMAC t h a t  a re  s c a t t e r e d  amongst t h e  v a r i o u s  
standards,  f o r  example, LAMS. 

The Pr imer i s  n o t  in tended as a replacement f o r  t h e  a c t u a l  standards, and 
those working w i t h  CAMAC should s e r i o u s l y  cons ider  o b t a i n i n g  cop ies  o f  t h e  
standards o f  i n t e r e s t .  The I E E E  r e c e n t l y  has pub l ished a book o f  t h e  seven 
most used s p e c i f i c a t i o n s ,  CAMAC Book 1982, see Table 1. la. Tables and f i g u r e s  
have been f r e e l y  copied f rom t h e  European cop ies  o f  t h e  standards, and I 
acknowledge t h e  agreement and t h e  encouragement o f  ESONE and i t s  secre tary ,  
D r .  Hors t  Meyer, i n  t h i s  mat te r .  I would l i k e  t o  acknowledge t h e  h e l p  o f  Lou 
C o s t r e l l  o f  NBS i n  supp ly ing  a copy of F i g .  1.1. 

CAMAC i s  a wel l -suppor ted,  r e l i a b l e  computer i n p u t / o u t p u t  ( I / O )  system 
f o r  d a t a  a c q u i s i t i o n  and c o n t r o l .  I t r u s t  t h a t  t h i s  Pr imer w i l l  h e l p  user5 o f  
CAMAC g a i n  a g r e a t e r  understanding o f  t h e  system and how t o  use it. 

As w i t h  any system, words and diagrams can o n l y  go so f a r .  I n  t h e  end, 
one j u s t  has t o  use CAMAC t o  r e a l l y  understand it. T h i s  I encourage. 

i v  
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A CAMAC PRIMER 

Peter  C l o u t  

ABSTRACT 

CAMAC has been i n  use f o r  exper imenta l  p h y s i c s  f o r  12 
years  o r  more and has r e c e n t l y  been g a i n i n g  acceptance i n  
o t h e r  f i e l d s  o f  research and i n d u s t r y .  T h i s  t u t o r i a l  covers 
t h e  b a s i c s  o f  CAMAC, i n c l u d i n g  t h e  pr imacy standard, t h e  
p a r a l l e l  branch and t h e  s e r i a l  highway, a u x i l i a r y  c o n t r o l -  
l e r s  i n  a CAMAC c r a t e ,  and t h e  so f tware  standards. Var ious 
systems aspects o f  CAMAC are a l s o  covered: p l u g - i n  design, 
CAMAC-computer c o u p l e r  design, and Look-At-Me (LAM). T h i s  
t u t o r i a l  i s  in tended as a supplement t o  t h e  var ious  CAMAC 
standards.  

1. INTRODUCTION 

1.1 H i s t o r v  

I n  t h e  '60s t h e  complex i ty  o f  high-energy phys ics  and nuc lear  phys ics  
exper iments convinced people t h a t  d a t a - a c q u i s i t i o n  systems would need t o  be a 
bus s t r u c t u r e d  r a t h e r  than i n d i v i d u a l  p o i n t - t o - p o i n t  connect ions.  F i g u r e  1.1 
i l l u s t r a t e s  t h i s  problem as i t  appeared i n  1963. The problem arose because t h e  
number o f  p o i n t - t o - p o i n t  connect ions tended t o  inc rease w i t h  t h e  square o f  t h e  
complex i ty  o f  t h e  system; whereas, a bus system increased l i n e a r l y  w i t h  system 
complex i ty  and was u s u a l l y  more f l e x i b l e .  Many L a b o r a t o r i e s  then s t a r t e d  t o  
develop and implement d a t a - a c q u i s i t i o n  busses t h a t  a l l  had t h e  common f e a t u r e  
o f  be ing  m u t u a l l y  incompat ib le !  The European Standards On Nuclear E l e c t r o n i c s  
(ESONE) committee recognized t h i s ,  and t h e  need f o r  a common system was agreed 
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F i g .  1.1. 
Lawrence Berkeley Labora tory  d a t a  a c q u i s i t i o n  i n  1963. 

upon between t h e  Labora tor ies .  Between 1966 and 1969, t h e  system (CAMAC) was 
def ined,  and t h e  b a s i c  standard (EUR 4100) was publ ished.  T h i s  was endorsed 
by t h e  Nat iona l  I n s t r u m e n t a t i o n  Method (NIM) committee i n  t h e  US e a r l y  i n  1970. 
CAMAC was a name chosen t o  be pal indromic,  w i t h  no meaning at tached. L a t e r  i t  
acqui red t h e  phrase Computer Automated Measurement and Contro l .  Subsequent t o  
t h e  f i r s t  standard, many o t h e r  standards and recommended p r a c t i c e s  have been 
pub l ished (Table l . l a )  as w e l l  as a l a r g e  l i t e r a t u r e  o f  a p p l i c a t i o n  papers 
c i t e d  i n  t h e  CAMAC b ib l iography ,  c u r r e n t l y  1800 papers. (For  an a v a i l a b i l i t y  
l i s t  see Table 1. lb.) I n  add i t ion ,  t h e  CAMAC p roduc t  gu ide l i s t s  some 60 
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CAMAC SPECIFICATIONS AND SUPPLEMENTARY INFORMATION 

COrreSDOndrnci Documents o f  P u b l i c a t i o n s  bv  Other  Bod ies  - 
P u b l i c a t i o n s  b y  t h e  

Comnission o f  t h e  European US Department 
Comnun i t ies  and t h e  ESONE o f  Energy and US P u b l i s h e d  by P u b l i s h e d  by P u b l i s h e d  by 

EUR 4100e ( 1 9 7 2 ) ( E n g l i ~ h ) ~  
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EUR 4600f ( F r e n c h ) a  TID-25876b (1982)  I E C  Pub l .  552 i n  p r e p a r a t i o n  
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S p e c i f i c a t i o n s  o f  A m p l i t u d e  
Analogue S i g n a l s  w i t h i n  a 
50 a System 

TID-26614 EUR 5100e (1914)  i n  p r e p a r a t i o n  

Supplementary I n f o r m a t i o n  on 
CAMAC I n s t r u m e n t a t i o n  
System 

Supplement t o  Camac 
B u l l e t i n  Issue 6 

P a r t  O f  ANSI/IEEE 

(1982) 
S td .  583 and 596 TID-25877 

CAHAC S e r i a l  Highway System 
and S e r i a l  C r a t e  C o n t r o l l e r  
Type L2 

ANSI/IEEE Std .  595c 
(1982) I E C  P u b l .  640 i n  p r e p a r a t i o n  EUR 6100ea 

The D e f i n i t i o n  o f  IHL 
A Language f o r  Use i n  
CAMAC Systems 

TID-26615 ESONE/IML/Ol 

Real-Time Bas ic  f o r  CAHAC ESONE/RTB/O3 ANSI/IEEE S t d .  726c 45 (CO) 221 
(19BZ) 

Recomnendations F o r  CAMAC 
S e r i a l  Highway D r i v e r s  and 
LAM Graders f o r  t h e  SCC-LZ 

M u l t i p l e  C o n t r o l l e r s  i n  a 

S u b r o u t i n e s  f o r  CAHAC 

CAHAC C r a t e  

ESONE/SD/OZ 

EUR 6500ea 

ESONE/SR/Ol 

DOE/EV-0006 

DOE /EV-0007 ANSI/IEEE S t d .  b75c I E C  Pub l .  129 

DOE/E V-0016 ANSI/IEEE S t d .  758 I E C  Pub l .  713 

I E C  P u b l .  678 

(1979) 

(1979) 
D e f t n i t i o n s  o f  CAHAC Terms ESONE/GEN/Ol 

used i n  ESONE S p e c i f i c a t i o n s  

DOE/EV-0009d I E E E  S t d .  583Ad 45 (SEC) 228 R e v i s i o n  o f  ESONE CAHAC LSONE/DOC/OZ 
Documents 

Compat ib le  Extended Use o f  ESONE/COMPEX 

CAHAC, Updated S p e c i f i c a -  

t h e  CAMAC Dataway 

t i o n s  ( I n c l u d i n g  EUR 4100, EUR 8500e 
EUR 4600, EUR 6100, (1983) 
EUR 6500, fSONE/GEN/Ol and 
supp lementary  i n f o r m a t i o n )  

CAMAC B i b l l o g r a p h y  ECA/GEN/Ol (1979) 

CAHAC B i b l i o g r a p h y  ECA/GEN/Ol s u p p l .  (1981) 

Recomnendations f o r  
Analogue S i g n a l s  f o r  CAHAC E C A / I S G  81/1 (1981) 
I n d u s t r i a l  A p p l i c a t i o n s  

Recomnendations f o r  t h e  
I n d u s t r i a l  A p p l i c a t i o n  E C A / I S G  B1/2 ( 1 9 B l )  
o f  CAMAC 
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T a b l e  l . l a  (Cont . )  

OTHER DOCUMENTS 

Cor respond ing  Documents o f  P u b l i c a t i o n s  b y  O t h e r  Bod ies  

P u b l i c a t i o n s  by t h e  
Comnission o f  t h e  European US Department 
Comnun i t ies  and t h e  ESONt o f  Energy and US P u b l i s h e d  b y  P u b l i s h e d  b y  P u b l i s h e d  b y  

Desc r i  D t  i on Comni t tee  o r  ECA NIM Comni t tee  I E E E .  ANSI I E C  CMEA 

A Technique f o r  t h e  Assess- EDISG/COM/Ol, 
ment o f  Comnunicat ion ECA (1979) 
System f o r  Process C o n t r o l  

I n d u s t r i a l  Real-Time B a s i c  EWICS TC2 81-8. C E C ,  
06 111 (1981) 

CAMAC Produc t  Guide, ECA P u b l i c a t i o n  (1981. 
Hardware new i s s u e  i n  p r e p a r a t i o n )  

CAMAC Book 1982 

Language D e f i n i t i o n  o f  
CATY 1 

language D e f i n i t i o n  o f  
CATY 2 

EUR 8500 V o l .  1 b 2 
Conta ins  EUR 4100, 
EUR 4600, EUR b100. 
EUR 6500, ESONA/RTB/O3, 
ESONE/SR/Ol, ESONE/IML/Ol 
EUR 41oo/sUpp., COHPEK 

UKCA/CATY 1/01 
(1977) 

UKCAKATY 2 
(1979) 

CAMAC I n s t r u m e n t a t i o n  and 
I n t e r f a c e  Standards ,  W i l e y /  

L i b .  Congress 8185060, 
SH08482 I E E C  Standards 583, 

and t h e  d e f i n i t i o n  o f  CAMAC 
te rms.  A l l  documents have 
been updated. 

I m .  1982 ISBN 0-471-89737 

683. 596, 595. 726. 675. 758, 

aDocuments t o  be used t o g e t h e r  w i th  ESONE/DOC/Z. 
bNo l o n g e r  a v a i l a b l e  and superseded by ANSI/IEEE S t d .  p u b l i c a t i o n s .  
CRevised i s s u e s  o f  c o r r e s p o n d i n g  documents i n  t h e  US. 
dRev is ions  f o r  c o r r e s p o n d i n g  o r i g i n a l  documents i n  t h e  US. 

4 



manufac tu re rs  i n  t h e  CAMAC bus iness  i n  Europe. 
t h e  S o v i e t  b l o c k ,  P e o p l e ' s  Repub l i c  o f  China, and Japan, as w e l l  as i n  t h e  
US. 
1.3 l i s t s  t h e  major  European manu fac tu re rs .  
use r  o r g a n i z a t i o n s  have been e s t a b l i s h e d  i n  r e c e n t  yea rs  i n  t h e  UK, i n  
Denmark, and i n  Poland. 

CAMAC i s  a l s o  manufac tured  i n  

Tab le  1.2 l i s t s  t h e  major  N o r t h  American CAMAC manu fac tu re rs  and Tab le  
F i n a l l y ,  CAMAC A s s o c i a t i o n s  as 

Thus i n  t h e  space of 12 yea rs ,  CAMAC has grown from a s 
w i t h  l i t t l e  hardware developed, t o  a c o n s i d e r a b l e ,  if s p e c i a  
A s  can be seen i n  Tab le  l . l a ,  t h e  s p e c i f i c a t i o n s  a r e  adopted 
c o n t i n e n t s ;  indeed,  48 c o u n t r i e s  w i t h  CAMAC were counted  i n  

Tab le  1 . 2  
NORTH AMERICAN CAMAC MANUFACTURERS 

AEON Systems, I n c .  J o e r g e r  E n t e r p r i s e s  
1704 Moon NE 166 L a u r e l  Rd. 
Albuquerque, NM 87112 East  N o r t h p o r t ,  NY 
(505) 298-0942 (51 6) 757-6200 

B i r a  Systems I n c .  
2404 Comanche NE 
Albuquerque, NM 87107 
(505) 881-8887 

Data Design C o r p o r a t i o n  
P .  0. Box 611 
Olney, MD 20832 
(301) 774-5099 

Data-Sud SystemslUSA I n c .  
5025 South Ash, S u i t e  B-5 
Tempe, A Z  85282 
(602) 345-0940 

D'SP Technology I n c .  
48500 K a t o  Road 
Fremont, CA 94538 
(41  5) 675-7555 

GEC Canada L t d  
5112 Timbolea B l v d  
M iss i ssauga  
O n t a r i o ,  Canada L4W 255 
(41 6) 624-8300 

Jorway C o r p o r a t i o n  
27 Bond S t r e e t  
Westbury, NY 11590 
(516) 997-8120 

n g i e  document, 
i z e d ,  i n d u s t r y .  
by  most 
976. 

I n c .  

11731 

K i n e t i c  Systems C o r p o r a t i o n  
11 M a r y k n o l l  D r i v e  
Lockpor t ,  I L  60441 
( 8 1 5 1 838-0005 

LeCroy Research Systems C o r p o r a t i o n  
700 South Main S t .  
S p r i n g  V a l l e y ,  NY 10977 
(914) 425-2000 

Nova 
1044 Eas t  La Cadena D r i v e ,  S u i t e  200 
R i v e r s i d e ,  CA 92501 
(714) 781-7332 

P h i l l i p s  S c i e n t i f i c  
13, Ackerman Ave. 
S u f f e r n ,  NY 10901-7197 
(914) 357-9417 

I n t e r f a c e  Standards  
45845-A Warm S p r i n g s  B l v d .  
Fremont, CA 94539 
(415) 657-5100 

5 



Borer E lect ron1 cs AG 
Postfach, 4501 Solothurn 
Sui t z e r  1 and 
065-31 11 31 

Table 1.3 

MAJOR EUROPEAN CAMAC MANUFACTURERS 

Camtec E lec t ron i cs  L t d  
18, Mel ton S t r e e t  
Le ices ter  LE1 3NA 
England 
(0533) 537534 

Creat ive  E lec t ron i cs  Systems SA 
70, Route du Pont-Butin 
Case Posta le  122 
1213 Peti t-Lancy 1 
Sui t ze r land  
(022) 925745 

Data-Sud Systems, SA 
Mini  Parc-Los Lavandes, Bat.  8 
Rue Cro ix  Ver te Prolongee 
Zolad BP 1067 
34007 Mon tpe l l l e r  
France 

Dor n i e r  System 
Ver t r i eb  E lec t ron i k ,  ABT VCE 
Postfach 1360 
7990 F r i e d r l  chshafn 
West  Germany 

Enertec Schl umberger 
Branche Ins t rumenta t ton  Nuc lea l re  
1 Parc des Tanneries 
67680 L i  ngol  she1 m 
France 

Hytec E lec t ron i cs ,  L t d  
Ladbroke House 
Wood 1 ey 
Reading RG5 4DX UK 
(0734) 697973 

INCAA BV 
Postbox 211 
Amsfoortseweg 15 
7313 AE Apeldoorn 
Netherlands 
(055) 55 12 62 

Laben 
Via Bass in i  15 
201 33 M i  l a n  
I t a l y  
(02) 2366551 

LeCroy SA 
Rue Cardinal-Journet 27 
1217 Meyrln 1 
Swi tzer land 
(022) 823355 

Nuclear Enterpr ises  L t d  
Bath Road, Beenham 
Readlng RG7 5PR. UK 
(073 521) 2121 

Polon Nuclear Equipment Es tab l i sh .  
00-086 Warsaw 
Ble lanska 1 
Pol and 

SEN E lec t ron  
Case Posta le  
1211 Geneva 
S w l  t z e r  1 and 
(022) 442940 

que 
39 
3 

Sension S c i e n t i f i c  L td .  
Denton Dr ive  I n d u s t r i a l  Estate 
Northwi ch 
Cheshlre CW9 7LU, UK 
(0606) 44321 

Siemens AG 
Bereich Mess-und Prozesstechnik 
Postfach 21 1080 
7500 Kar lsruhe 21 
West Germany 

Kar l  Wehrmann AG 
Spaldingstrasse 74 
2000 Hamburg 1 
West Germany 
(040) 242475 

Wenzel E l e k t r o n i k  
Schwedensteinstrasse 3 
8000 Muenchen 82 
West Germany 

K i n e t i c s  Systems 
3 Chemin de Tavernay 
1218 Geneva 
Sui t z e r  1 and 
(022) 984445 
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1.2 Whv Use CAMAC? 

Because 
CAMAC i s  a h i g h - l e v e l  hardware. That i s ,  CAMAC i s  computer inde-  
pendent and thus  can be used somewhat l i k e  h i g h - l e v e l  languages 
such as For t ran ,  BASIC,  e t c .  
CAMAC means t h a t  system b u i l d i n g  and maintenance resources are 
used e f f e c t i v e l y .  T h i s  comes about because i n  choosing CAMAC 
much o f  t h e  system design a l ready  e x i s t s ,  and thus  t h i s  e f f o r t  i s  
saved. Maintenance resources are saved because, over  severa l  
independent systems, o n l y  one s tock o f  spares i s  needed, and 
engineers and t e c h n i c i a n s  need be t r a i n e d  i n  o n l y  one system. 
CAMAC i s  modular. Thus systems can be b u i l t  up and extended i n  
e a s i l y  understood u n i t s .  
CAMAC i s  an i n t e r n a t i o n a l  standard. T h i s  r e s u l t s  i n  a s t a b l e  
system over  t h e  coming years- -very impor tan t  f o r  people i n v e s t i n g  
i n  systems t h a t  w i l l  have a l o n g  l i f e .  
CAMAC reduces o v e r a l l  system costs ,  assuming t h a t  a p r o f e s s i o n a l  
approach i s  used i n  b u i l d i n g  t h e  system, and assuming t h a t  l a b o r  
c o s t s  a re  r e a l  i s t  i c .  

* CAMAC f a c i  1 i t a t e s  g r a c e f u l  upgrades. Consider a power s t a t i o n  
m o n i t o r i n g  and c o n t r o l  system. Power s t a t i o n s  have a l i f e  o f  a t  
l e a s t  30 t o  40 years,  whereas the l i f e  o f  a computer i s  substan- 
t i a l l y  less .  Using a computer independent i n p u t / o u t p u t  ( I / O )  
system means t h a t  one can r e p l a c e  t h e  computer w i t h o u t  d i s t u r b i n g  
t h e  1/0 system and v i c e  versa. Because i n  t h e  past,  computer- 
s p e c i f i c  1/0 systems have been used, t h e  UK Cent ra l  E l e c t r i c i t y  
Generat ing Board s t i l l  has germanium t r a n s i s t o r s  custom made so 
t h a t  long-obsolete computers can be kept  o p e r a t i o n a l  ! 

Having convinced ourse lves  of t h e  need f o r  CAMAC, now l e t  us look  a t  i t  i n  
d e t a i l .  F i g u r e  1.2 shows t h e  r e l a t i o n s h i p s  between t h e  hardware standards of 
CAMAC. From t h e  f o u n d a t i o n  standard, EUR 4100/IEEE 583, s p r i n g s  two standards 
f o r  connect ing CAMAC c r a t e s  t o g e t h e r  i n  a system: EUR 4600/IEEE 596 f o r  t h e  
p a r a l l e l  branch and EUR 6100/IEEE 595 f o r  t h e  s e r i a l  highway. T h i s  l a t t e r  
s tandard has a document g i v i n g  a recommended p r a c t i c e  f o r  d r i v i n g  a s e r i a l  
highway: ESONE/SD/02 and DOE/EV-0006. Both highway systems can be extended t o  
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CAMAC 
EUR 4100 
IEEE 583 

MULTIPLE 
CONTROLLERS 

EUR 6500 
IEEE 675 

EUR4600  I 1 E U R 6 1 0 0  1 
IEEE 595 1 I lEEE596  

SERIAL 
DRIVER 

ESONE SD/02 
DOE EV 0006 

SIGNALS I EUR5100  1 
TID 26614 

Fig .  1.2. 
The CAMAC hardware standards and t h e i r  r e l a t i o n s h i p s .  

have m u l t i p l e  c o n t r o l l e r s  i n  a c r a t e :  EUR 6500/IEEE 675. F i n a l l y  t h e r e  are 
standards f o r  b l o c k  t r a n s f e r s :  EUR 4100 supp/IEEE 683 and analogue s i g n a l s  
EUR 5100/TID-26614. 

2. THE B A S I C  CAMAC STANDARD 

2.1 What, Simply, i s  CAMAC? 

CAMAC i s  a s tandard mechanism f o r  connect ing s i g n a l s  t o  a computer. I n  
p r i n c i p a l  any th ing  can be connected by CAMAC, i n c l u d i n g  standard computer p e r i -  
p h e r a l s  l i k e  d isks,  te rmina ls ,  p r i n t e r s ,  e t c .  I n  p r a c t i c e  i t  i s  m o s t l y  used 
f o r  connect ing exper iments and o t h e r  equipment t o  d a t a - a c q u i s i t i o n  and c o n t r o l  
computers. 

The bas ic  s tandard ( I E E E  583) def ines a c ra te ,  dataway, and a p lug- in .  
The c r a t e  houses t h e  modules and p r o v i d e s  them w i t h  convenient  power. The 
dataway p r o v i d e s  t h e  means by which a c o n t r o l l e r ,  s i t u a t e d  i n  t h e  c r a t e ,  i s  
a b l e  t o  t r a n s f e r  d a t a  and c o n t r o l  i n f o r m a t i o n  t o  and f rom t h e  p l u g - i n s  i n  t h e  
c r a t e .  Wi th  t h i s  standard, one can a t t a c h  one o r  more c r a t e s  o f  CAMAC p l u g - i n s  
t o  a computer. The n a t u r e  o f  t h e  c o n t r o l l e r  i s  e n t i r e l y  up t o  t h e  designer,  so 
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l ong  as i t  operates on t h e  CAMAC data-  
way accord ing t o  t h e  s p e c i f i c a t i o n .  
F i g u r e  2.1 shows t h i s  i n  a h i g h l y  
schematic form. J u s t  as t h e  i n t e r -  
f a c e  between CAMAC and a computer i s  
l a r g e l y  l e f t  t o  t h e  designer,  so i s  
t h e  des ign o f  t h e  CAMAC module t o  
connect s igna ls ,  f r o m  and t o  t h e  o u t -  
s i d e  world, t o  CAMAC, and hence t o  
t h e  computer. The c o n t r o l  s t a t i o n  
shown i s  such because i t  has access 
t o  t h e  Look-at-Me (LAM) and t o  t h e  
s tat ion-addressed l i n e s  o f  t h e  c r a t e  
( F i g .  2.2). A l l  o t h e r  l i n e s  a r e  
bussed across t h e  c r a t e  o r  a re  s imply  
i n d i v i d u a l  p a t c h  p ins .  

CRATE 

F 
The b a s i c  

g. 2. 
CAMAC 

\CONTROL 
STATION 

standard.  

STAT1 ON-ADDR ESSED AND 
LOOK-AT-M E LINES 

CONTROL 
STATION 

Fig .  2.2. 
The dataway. 
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How does one connect a, CAMAC c r a t e  t o  a computer? One s o l u t i o n  (F ig .  2.3) 
i s  t o  buy o r  b u i l d  a CAMAC c o n t r o l l e r  t h a t  has t h e  computer 1/0 bus plugged 
i n t o  i t s  f r o n t  panel. T h i s  c o n t r o l l e r  i s  t hus  s p e c i f i c  t o  t h a t  brand o f  com- 
p u t e r  and tends t o  be i n f l e x i b l e  and a l i t t l e  expensive because o f  s h o r t  p ro -  
d u c t i o n  runs. The d i s t a n c e  between t h e  computer and t h e  CAMAC c r a t e s  i s  
l i m i t e d  a l s o  by t h e  computer 1/0 bus. 

Another s o l u t i o n  i s  t o  use a CAMAC Highway (F ig .  2.4) and b u i l d  a computer 
t o  CAMAC-highway coup ler .  Th i s  a l l ows  t h e  system t o  be e a s i l y  expanded and 
w i l l  g i v e  o t h e r  f l e x i b i l i t y  as we w i l l  see. The CAMAC c r a t e  c o n t r o l l e r s  are 
now computer independent and thus  l e s s  expensive. Table 2.1 compares t h e  two 
de f i ned  CAMAC highways with t h e  s e r i a l  highway be ing  used i n  b i t  o r  b y t e  mode. 
These highways w i l l  be discussed i n  much more d e t a i l  l a t e r .  

F i n a l l y ,  can one have more than  one c o n t r o l l e r  i n  a CAMAC c r a t e ?  A l l  t h a t  
i s  needed i s  

( 1 )  access t o  t h e  stat ion-addressed and LAM l i n e s ,  and 
( 2 )  a r b i t r a t i o n  between t h e  c o n t r o l l e r s  t o  r e s o l v e  conf  1 i c t s  o f  access. 
The fo rmer  i s  achieved by t h e  A u x i l i a r y  C o n t r o l l e r  Bus (ACB), a r e a r  con- 

nec t ion ,  and t h e  l a t t e r  by a reques t /g ran t  c h a i n  e s t a b l i s h e d  between f r o n t -  
pane l  connectors o f  each c o n t r o l l e r .  Th is  i s  descr ibed i n  Chapter 6, and shown 
schemat i ca l l y  i n  F ig .  2.5. 

I n  t h e  remainder o f  t h i s  chapter  we examine t h e  bas i c  standard, I E E E  583. 

COMPUTER 
I/O BUS 

TO EXPERIMENT/ 
ACCEL ERATORI 
STORAGE RING/ 
REAL WORLD, etc. 

CAMAC 
CONTROLLER 

Fig.  2.3. 
A s i n g l e - c r a t e  system. 
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COMPUTER 
I/O BUS 

11 
U 

CAMAC 
COUPLER COMPUTER 

CAMAC 
HIGHWAY 
(SERIAL OR PARALLEL) 

* 
TO EXPERIMENT, rtc. 

TO EXPERIMENT, OW. 

Fig. 2.4. 
A multicrate CAMAC system. 

A U X I L I A R Y  
CONTROL LE R 

A I  I I 
REQUEST/GRANT ’ 
CHAIN 

MICROPROCESSOR 
ru 

Fig. 2.5. 
Multiple controllers. 
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Table 2.1 

CAMAC HIGHWAYS 

Para1 l e 1  
Branch 

I E E E  596 

No. o f  w i r e s  
C ommun i c a t  i on s 
Speed 
No. o f  c r a t e s  
M u l t i c r a t e  addressing? 
Cont r o  1 1 e r  t y p e  
Mul t imodule addressing? 
M u l t i p l e  c o n t r o l l e r s ?  
E r r o r  d e t e c t i o n ?  

132 
Handshake 
- >1.6 ps 
1 t o  7 
Yes 
A1/A2 
Yes 
Yes ( w i t h  A2) 
No 

S e r i a l  Highway 
I E E E  595 

B i t  By te  

4 18 
Synchronous Synchronous 
- >28 ps - >3.6 ps 
1 t o  62 1 t o  62 
No No 
L2 L2 
No No 
Yes Yes 
Yes Yes 

2.2 IEEE 583 

T h i s  s tandard d e f i n e s  t h e  mechanical and e l e c t r i c a l  p r o p e r t i e s  o f  a c r a t e  
and, t o  some ex ten t ,  i t s  power supply. A lso d e f i n e d  are  t h e  mechanical p roper -  
t i e s  o f  a module and c o n t r o l l e r  and t h e  e l e c t r i c a l  and l o g i c a l  p r o p e r t i e s  o f  
these s u f f i c i e n t  f o r  c o m p a t i b i l i t y .  The c r a t e  des ign  a l s o  a l lows t h e  i n s e r t i o n  
o f  normal N I M  modules w i t h  a power adaptor. We need o n l y  cons ider  t h e  mechani- 
c a l  and e l e c t r i c a l  aspects b u t  b r i e f l y ;  t h e y  a r e  n o r m a l l y  t h e  concern o f  t h e  
manufacturer  n o t  t h e  average user. F igures  2.6 t o  2.13 i n d i c a t e  t h e  mechanical 
aspects o f  a CAMAC c r a t e  and module. The main p o i n t  i s  t h a t  t h e  c r a t e  and 
module be very  f u l l y  s p e c i f i e d .  F igure  2.6 shows t h a t  o p t i o n a l l y  UNC tapped 
ho les  can be p r o v i d e d  t o  a l l o w  N I M  modules t o  be i n s e r t e d .  F i g u r e  2.12 d e f i n e s  
t h e  NIM-CAMAC adaptor necessary so tha t  a N I M  module can p i c k  up power f rom t h e  
c r a t e .  Another p o i n t  t o  n o t e  f r o m  F ig .  2.6 i s  t h a t  t h e  number o f  s t a t i o n s  ( s )  
i s  n o t  f i x e d  b u t  o n l y  s p e c i f i e d  t o  be - <25. F i g u r e  2.8 shows a s i d e  view 
c ross  s e c t i o n  o f  t h e  c r a t e  w i t h  t h e  86-way connector  o f  t h e  dataway. Above 
t h i s  connector  i s  t h e  f ree-access area. American usage o f  CAMAC has p laced a 
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4 6 7  (until deftncd by I E C )  

Optional UNC tapped Ma for NIM 

! i  

3 s A 9 i !  
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36-way 0.1-in. p i t c h  edge connector  i n  t h i s  l o c a t i o n  as an 1/0 connector.  T h i s  
i s ,  however, o u t s i d e  t h e  standard and has n o t  been implemented i n  Europe. I t  
does enable 1/0 as w e l l  as dataway connect ions t o  be made a u t o m a t i c a l l y  as t h e  
module i s  inser ted .  

2.3 The Dataway 

Having disposed o f  t h e  mechanical aspects o f  I E E E  583, l e t  us now look  a t  
t h e  e l e c t r i c a l  and l o g i c a l  aspects of t h e  dataway and hence t h e  modules. The 
f i r s t  p o i n t  t o  make i s  t h a t  t h e  dataway i s  e n t i r e l y  pass ive;  t h a t  i s ,  i t  con- 
s i s t s  o n l y  of connectors,  a p r i n t e d  c i r c u i t  card, and/or wi res.  There are - no 
r e s i s t o r s ,  capac i to rs ,  t r a n s i s t o r s ,  e t c .  The connectors a re  86-way 0.1-in. 
p i t c h  connectors, and up t o  25 are  used t o  make up t h e  standard dataway. 
Table 2.2 l i s t s  t h e  l i n e s  i n  a genera l  way, Table 2.3 l i s t s  t h e  vo l tage stand- 
ards f o r  l o g i c  s i g n a l s  on t h e  dataway, and Table 2.4 l i s t s  t h e  c u r r e n t  stand- 
ards and t h e  p u l l - u p  l o c a t i o n s  f o r  t h e  var ious  l i n e s .  The main p o i n t  i s  t h a t  
a l l  c u r r e n t  pa ths  have been considered, so t h a t  t h e  system w i l l  work i n  a t y p i -  
c a l  environment. Also, modules o t h e r  than c o n t r o l l e r s  r e c e i v i n g  s i g n a l s  can 
o n l y  a t t a c h  one TTL g a t e  i n p u t  t o  a l i n e  f o r  each w i d t h  o f  t h e  module--thus t h e  
l i n e s  u s u a l l y  need t o  be buffered a t  t h e  module. Th is  e s t a b l i s h e s  t h e  e l e c t r i -  
c a l  standards f o r  t h e  dataway. 

2.3.1 Use o f  t h e  Dataway Lines. Table 2.5 l i s t s  t h e  dataway usage 
b r i e f l y .  A f u l l e r  d e s c r i p t i o n  o f  each l i n e  f o l l o w s .  

2.3.2 S t a t i o n  Number, N. Each normal s t a t i o n  i s  addressed by a s i g n a l  
on an i n d i v i d u a l  s t a t i o n  number l i n e ,  Ni, which comes f rom a separate con- 
t a c t  a t  t h e  c o n t r o l  s t a t i o n .  S t a t i o n s  a r e  numbered i n  decimal f r o m  t h e  l e f t -  
hand end as viewed f r o m  t h e  f r o n t ,  beginn ing w i t h  S t a t i o n  1. There i s  no 
r e s t r i c t i o n  on t h e  number o f  s t a t i o n s  t h a t  can be addressed s imul taneously ,  
a l though m u l t i p l e  address ing i s  n o t  commonly done. The s e r i a l  c r a t e  c o n t r o l l e r  
Type L2 has no mechanism f o r  m u l t i p l e  addressing. 

2.3.3 Subaddress A8, I_ A4, A2, .__ A l .  D i f f e r e n t  s e c t i o n s  o f  t h e  module are 
addressed by s i g n a l s  on t h e  f o u r  bus l i n e s ,  A. These s i g n a l s  a re  decoded i n  
t h e  module t o  s e l e c t  one o f  up t o  s i x t e e n  subaddresses, A(0) t o  A(15). The 
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Tab le  2.2 

THE DATAWAY 

24 READ l i n e s  ( R 1  - R24) 
24 WRITE l i n e s  (W1 - W24) 
5 FUNCTION l i n e s  (F1 - F16) 
4 SUB-ADDRESS l i n e s  ( A 1  - A8) 
1 
1 
1 
1 
1 
1 
2 
5 
1 
1 
6 
2 
3 
1 
2 

STATION ADDRESSED 1 i ne (N) 
LOOK-AT-ME l i n e  ( L )  I I n d i v i d u a l  l i n e s  

I 

RESPONSE l i n e  (0) 
COMMAND ACCEPTED l i n e  ( X )  
INHIBIT  l i n e  (I) 
CLEAR l i n e  (C) 
STROBE l i n e s  (S1 & S2) 
PATCH l i n e s  (P1 - P5, P1 & P2 bussed, P3 - P5 i n d i v i d u a l  p i n s )  
IN IT IAL IZE l i n e  (2) 
BUSY l i n e  (B) 
POWER l i n e s  (=6 V 212 V 524 V )  
SUPPLEMENTARY POWER l i n e s  (26 V, Y1  & Y2) 
RESERVED POWER l i n e s  
CLEAN EARTH 1 ine  
POWER RETURN l i n e s  

Accepted a t  i n p u t  
Generated a t  o u t p u t  

Tab le  2.3 

THE LOGIC OF THE DATAWAY 

0 S t a t e  1 S t a t e  
( V I  ( V I  

+2.0 t o  t 5 . 5  0 t o  0.8 
+3.5 to  +5.5 0 t o  0.5 

Note:  T h i s  i s  n e g a t i v e  l o g i c .  

s t a n d a r d  TTL. 
L i n e s  a r e  w i r e - o r ' e d  i . e .  d r i v e r s  cannot  have a c t i v e  p u l l - u p s  as i n  

The l e v e l s  cor respond t o  TTL. 
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Table 2.4 

200 uA 

STANDARDS FOR SIGNAL CURRENTS THROUGH DATAWAY 
CONNECTORS AND FOR PULL-UP CURRENT SOURCES 

100s IJA 

I Designation of Oataway Signal Line 

Unit generating 
the signal. 

Line i n  "1" state at  t0.5 V 
Minimum current slnking ca a b i l i t y  

(current drawn from l ine7 of  each 
u n i t  generating the signal. 

One u n i t  
receiving 
the signal. 

Controller 

Line i n  "1" state at  t0.5 V 
Maximum current fed in to  l i n e  by 

each un i t  receiving the signal. 

Line i n  "0" state at  t3.5 V 
Minimum pull-up capabil i ty (current 

fed in to  l ine)  of  the un i t  with 
pull-up current source. 

Line i n  "0" state a t  t3.5 V 
Maximum current drawn from l i n e  by 

each uni t  without pull-up current 
source. 

Location of pull-up current 

Pull-up current Ip, from posit ive 

Line i n  "1" state at  t0.5 V 
potenti a1 

Pull-up current Ip, from posit ive 

Line I n  "0" state at  t3.5 V 
potential 

N 

6.4 mA 

3.2 mA each unit, 
6.4 mA t o t a l  
(Note 1). 

16 mA 

Unit with pull-up current 
source: 11.2 mA 

Units without pull-up 
current source 1.6 mA each: 
4.8 mA t o t a l  (Note 1) 

100 (25-5) IJA 
2.3 mA typical f o r  control lers 
2.4 mA typical f o r  other units 

Controllers 
1.6 (25-5) mA 

36.8 mA typical 

Other Units 
9.6 + 1.6 (25 -s )  mA 58 + 1.6 ( 2 5 - s )  mA 
48.0 mA typical I 96.4 mA typical 

1.6s mA 

6 mA 5 I p  5 9.6 mA I I 38 mA 5 Ip  5 58 mA 

2.5 mA < I p  

Where appropriate, the current passing through the dataway connector o f  a plug-in u n l t  i s  defined as a function o f  the width of  the un i t  ( 5  
stations). Values are given, as examples, f o r  typlcal control lers ( s  = 2, control stat lon and one normal stat ion) and other uni ts ( s  = 1 ) .  
NOTE 1: Although only the control ler and one module are connected d i rec t l y  t o  each N and L line, additional units may be conntected via patch 

points o r  auxi l l a r y  connectors. 
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Table 2.5 

STANDARD DATAWAY USAGE 

Title 

Command 
Station number 
Subaddress 
Function 

Timing 
Strobe 1 
Strobe 2 

Data 
Write 
Read 

Status 
LAM 
Busy 
Response 
Command acceoted 

Common Controls 
Initialize 
Inhibit 
Clear 

Nonstandard Connections 
Free bus lines 
Patch contacts 

Mandatory Power Lines 
+24 V dc 
t 6 V d c  
- 6 V d c  
-24 V dc 
o v  

Additional Power Lines 
+12 V dc 
-12 V dc 

Clean Earth 

Supplementary 
(-6 V & +6 V )  

Designation 

N 
Al, 2, 4, 8 
F1. 2, 4, 8. 16 

s1 
s2 

W1 to W24 
R1 to R24 

2 
I 

P1. P2 
P3 to P5 

+24 
+6 
-6 

-24 
0 

+12 
-12 

E 

Y 1 ,  Y2 

Contacts 

1 
4 
5 

1 
1 

24 
24 

1 
1 
1 
1 

1 
1 
1 

2 
3 

1 
1 
1 
1 
2 

1 
1 

1 

2 

Use at a Module 

Selects the module (individual line from control station) 
Selects a section of the module 
Defines the function to be performed in the module 

Controls fir$t phase of operation (dataway signals must not change) 
Controls second phase (dataway signals may change) 

Bring information to the module 
Take information from the module 

Indicates 
Indicates 
Indicates 
Indicates 

request for service (individual line to control station) 
dataway operation in progress 
status of feature selected by conunand 
module is able t o  perform action required by command 

Operate on all features connected to them, no command required 
Sets module to a defined state (accompanied by S2 and B)  
Disables features for duration of signal 
Clears registers (accompanied by 52 and 8) 

For unspecified uses 
For unspecified interconnections, no dataway lines 

Crate i s  wired for mandatory and additional lines 

Power return 

Lines are reserved for the following power supplies: 

Reference for circuits requiring clean earth 

Reserved Undesignated 

Total 

3 

86 
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subaddress l i n e s  must be f u l l y  decoded by t h e  module. I n  general,  t h e  use o f  
subaddresses i s  t h e  cho ice  o f  t h e  module designer,  b u t  a good des ign  here can 
s i m p l i f y  t h e  understanding o f  t h e  module. 

2.3.4 Func t i on  F16, F8, F4, F2, F1. These l i n e s  d e f i n e  t h e  f u n c t i o n  t o  
be performed by t h e  module a t  t h e  s p e c i f i e d  subaddress. These s i g n a l s  must be 
f u l l y  decoded i n  t h e  module t o  g i v e  32 separate f u n c t i o n s ,  F ( 0 )  t o  F(31).  Some 
f u n c t i o n s  are de f ined;  some are unreserved; some are reserved. The f u n c t i o n s  
F ( 0 )  t o  F(7) are  a l l  read f u n c t i o n s ;  F(16) t o  F(23) are  a l l  w r i t e  f u n c t i o n s ;  
t h e  remain ing  f u n c t i o n s  a re  c o n t r o l  o r  da ta less  f u n c t i o n s .  D e t a i l e d  d e s c r i p -  
t i o n  o f  these f u n c t i o n s  comes l a t e r .  

2.3.5 S t robe S igna ls  S 1  and S2. These bussed t i m i n g  o r  s t robe  s i g n a l s  
must be generated by t h e  c o n t r o l l e r  d u r i n g  each CAMAC cyc le .  Modules must n o t  
t a k e  i r r e v e r s i b l e  a c t i o n  based on t h e  o t h e r  bussed l i n e s  on t h e  dataway u n t i l  
t h e  t i m e  o f  S1. T h i s  i s  t o  ensure t h a t  t r a n s i e n t s  and d i f f e r e n t i a l  s e t t l i n g  
t imes o f  t h e  l i n e s  a t  t h e  beg inn ing  o f  a dataway c y c l e  do no t  cause ill 
e f f e c t s .  Ac t i ons  concerned w i t h  t h e  acceptance o f  Read, Wr i te ,  Q and X l i n e s  
must be i n i t i a t e d  a t  t h e  t ime  o f  S1. These l i n e s  must no t  be changed d u r i n g  
S1 t ime. S2 i s  t o  t i m e  f o l l o w - o n  a c t i o n  i n  t h e  module, f o r  example, c l e a r i n g  
a r e g i s t e r ,  and i s  a l s o  generated d u r i n g  unaddressed opera t ions .  

2.3.6 Wr i te  L i n e s  W1 t o  W24. The c o n t r o l l e r  generates d a t a  on these  
l i n e s  d u r i n g  each w r i t e  opera t ion .  They must reach a steady s t a t e  be fo re  S 1  
and must be main ta ined u n t i l  t h e  end of t h e  opera t ion ,  un less  m o d i f i e d  by S2. 
S t robe S 1  must be used by t h e  modules t o  s t robe  t h e  data, un less  t h e r e  are 
s t rong  t e c h n i c a l  reasons f o r  choosing S2. 

2.3.7 Read L ines  R1 t o  R24. Data are s e t  up on t h e  read l i n e s  by t h e  
addressed module d u r i n g  a read opera t ion .  These l i n e s  must reach a steady 
s t a t e  be fo re  S 1  and must be main ta ined f o r  t h e  f u l l  d u r a t i o n  o f  t h e  dataway 
cyc le ,  un less  t h e  s t a t e  o f  t h e  d a t a  source i s  changed by S2. The c o n t r o l l e r  
must i n i t i a t e  acceptance o f  t h i s  da ta  a t  t h e  t i m e  o f  S 1  and must n o t  t a k e  
i r r e v e r s i b l e  a c t i o n  b e f o r e  then. 
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2.3.8 Look-at-Me L. These l i nes ,  one f rom each s t a t i o n ,  are i n d i v i d u a l  
connect ions t o  separate con tac ts  a t  t h e  c o n t r o l  s t a t i o n .  Any module can i n d i -  
c a t e  t h a t  i t  needs a t t e n t i o n  by genera t ing  a s i g n a l  on i t s  i n d i v i d u a l  L l i n e .  
Modules t h a t  occupy more than one s t a t i o n  may i n d i c a t e  d i f f e r e n t  demands by  
s i g n a l s  on t h e  separate L l i n e s  o f  t h e  s t a t i o n s  i t  occupies. The L s i g n a l  i n  
a module may i n d i c a t e  demands f o r  a t t e n t i o n  f rom one o r  more sources i n  a 
module. The f u r t h e r  r e s o l u t i o n  o f  t h e  ac tua l  source and t h e  mandatory fea tures  
f o r  a module 's LAM s t r u c t u r e  are discussed l a t e r .  

When a module t h a t  i s  genera t ing  L = l  rece ives  a command t h a t  may cause i t  
t o  cease doing so, i t  must i n h i b i t  t h e  L s i g n a l  o r  t h e  approp r ia te  LAM request .  
T h i s  must be e f f e c t i v e  be fore  S1 and must be mainta ined u n t i l  t h e  end o f  t h e  
dataway opera t ion .  Th is  i s  o f t e n  achieved b y  g a t i n g  L w i t h  N so t h a t  whenever 
t h e  module i s  addressed, t h e  L = l  c o n d i t i o n  w i l l  be removed. The purpose i s  t o  
remove a p o t e n t i a l  race  c o n d i t i o n  where, i f  t h e  L = l  i s  n o t  removed u n t i l  t h e  
end o f  S2, i t  might  s t i l l  seem t o  be t r u e  w i t h i n  t h e  c o n t r o l l e r  a t  t h e  end o f  
t h e  cyc le ,  even though t h e  CAMAC c y c l e  c lea red  t h e  LAM. Note t h a t  t h i s  i s  an 
example o f  do ing t h e  r i g h t  t h i n g  f o r  t h e  wrong reason! The f i r s t  ve rs ion  o f  
t h e  CAMAC s p e c i f i c a t i o n ,  pub l i shed i n  1969, r e q u i r e d  t h a t  L be gated w i t h  Busy 
i n  each module because people were concerned about no i se  on t h e  dataway. Th is  
requirement avoided t h e  race  cond i t i on ,  bu t  t h i s  was n o t  recognized u n t i l  t h e  
second ve rs ion  was pub l ished i n  1972. 

2.3.9 Busy B. Busy i s  used t o  i n t e r l o c k  var ious  aspects o f  t h e  system 
t h a t  can compete f o r  t h e  dataway. A s i g n a l  B = l  must be generated d u r i n g  each 
dataway c y c l e  and d u r i n g  unaddressed commands, when Z o r  C are generated. 

2.3.10 Response Q. Q i s  a s i n g l e - b i t  s t a t u s  response f rom t h e  addressed 
module; i t  may o r  may n o t  be generated accord ing t o  t h e  des ign o f  t h e  module. 
I n  t e s t  operat ions,  Q=l means t rue ,  present,  e tc .  For  read, w r i t e ,  and t e s t  
LAM operat ions,  Q must be s t a b l e  by S1  t i m e  and must n o t  change f rom t h a t  p o i n t  
t o  t h e  end of t h e  cyc le .  I n  a l l  o t h e r  opera t ions  i t  i s  pe rm i t ted  t o  change 
d u r i n g  t h e  dataway cyc le ,  b u t  t h i s  may r e s u l t  i n  t h e  Q response being missed. 
As w i th  R l i n e s ,  t h e  c o n t r o l l e r  must i n i t i a t e  a c t i o n  t o  accept t h e  Q response 
a t  t h e  t ime o f  s t r o b e  S1 and must no t  t a k e  i r r e v e r s i b l e  a c t i o n  be fo re  then. 
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2.3.11 Command Accepted -- X. Whenever a module i s  addressed d u r i n g  a CAMAC 
opera t ion ,  i t  must generate X = l  by S 1  and must m a i n t a i n  i t  u n t i l  t h e  end o f  S2, 

- 

if i t  recognizes t h e  command as one i t  i s  equipped t o  perform--even though a t  
t h a t  moment i t  may be unable t o  per form i t. I n  t h i s  l a t t e r  case, an X = l ,  Q=O 
response i s  appropr ia te .  The X=O response then i n d i c a t e s  a s e r i o u s  mal func-  
t i o n ,  f o r  example, an absent module, a module l a c k i n g  e x t e r n a l  connect ions,  
e t c .  I n  o l d e r  modules designed before t h e  X l i n e  was def ined, t h e  module may 
generate X=N. 

2.3.12 I n i t i a l i z e  Z. Z has abso lu te  p r i o r i t y  over  a l l  o t h e r  s i g n a l s .  
It c o n s i s t s  o f  Z and S.2 asser ted t o g e t h e r  (Z.S2). I n  response, a l l  d a t a  and 
c o n t r o l  r e g i s t e r s  must be s e t  t o  d e f i n e d  i n i t i a l  s ta te ,  u s u a l l y  zero. A l l  
LAM s t a t u s  r e g i s t e r s  must be r e s e t  and, i f  poss ib le ,  a l l  LAM requests  must be 
d i sabled . 

2.3.13 I n h i b i t  I. T h i s  s i g n a l  must i n h i b i t  any f e a t u r e  t o  which i t  i s  
connected i n  t h e  module. The s i g n a l  may be gated o r  r o u t e d  w i t h i n  t h e  module. 
The i n h i b i t  l i n e  must be s e t  t o  a l o g i c  1 as a r e s u l t  o f  an i n i t i a l i z e d  c y c l e  
(Z.S2).  Thus a l l  u n i t s  ab le  t o  generate I must respond t o  Z.S2 b y  genera t ing  
and m a i n t a i n i n g  1=1 u n t i l  s p e c i f i c a l l y  r e s e t .  The i n h i b i t  l i n e  i s  used i n  
d a t a - a c q u i s i t i o n  systems 'to, f o r  example, i n h i b i t  s c a l e r s  d u r i n g  no-s igna l  
per iods .  I n  p r a c t i c e  I have n o t  seen i t  used much because i t  i s  i n f l e x i b l e  and 
because few modules have f a c i l i t i e s  i n  them t o  s e l e c t i v e l y  enable, d isab le ,  o r  
i n v e r t  i t s  e f f e c t .  I f  a system i s  n o t  working, q u i t e  o f t e n  i t  i s  t h e  i n h i b i t  
l i n e  be ing  s e t  t h a t  i s  t h e  cause. I suggest t h a t ,  un less  you p l a n  t o  use 
i n h i b i t ,  you c u t  t h e  t r a c k  i n  a l l  modules t o  d isconnect  them from t h i s  l i n e !  

2.3.14 C lear  C. The s i g n a l  C.S2 must c l e a r  a l l  r e g i s t e r s  t o  which i t  i s  
connected. Busy and S 2  must be generated w i t h  C. Gat ing C w i t h  S2 i s  a p ro-  
t e c t i o n  aga ins t  noise.  T h i s  s i g n a l  may, as w i t h  I, be gated and r o u t e d  w i t h i n  
a module, a l though i n  p r a c t i c e  t h i s  i s  n o t  much done. Whi le a l l  c r a t e s  come 
up w i t h  1=1 as a s t a t i c  c o n d i t i o n  l e a d i n g  t o  t h e  problems mentioned above, C.S2 
occurs by s p e c i f i c  c o n t r o l l e r  a c t i o n  f o r  a s h o r t  p e r i o d  o n l y  (F ig .  2.4); thus,  
i t  does n o t  c a t c h  t h e  user  unawares. I t  i s  used t o  c l e a r  down d a t a - a c q u i s i t i o n  
modules i n  a s i n g l e  e f f i c i e n t  operat ion,  u s u a l l y  i n  event-based systems such as 
a r e  common i n  high-energy phys ics .  
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2.3.15 Free Bus L i n e s  P1 and P2. These c o n t a c t s  a t  each s t a t i o n  are 
bussed. together  by t h e  dataway. Any p l u g - i n  can generate o r  r e c e i v e  s i g n a l s  on 
these l i n e s  b u t  must be prov ided w i t h  a means t o  d isconnect  o r  d i s a b l e  t h a t  
access. T h e i r  use i s  e n t i r e l y  up t o  t h e  system designer,  b u t  t h e y  have been 
used a t  CERN t o  h o l d  up t h e  dataway c y c l e  and i n  t h e  UK as DMA synchron iza t ion  
l i n e s .  As w i t h  a l l  i ncomple te ly  s p e c i f i e d  f a c i l i t i e s ,  t h e y  must be used w i t h  
care.  

2.3.16 Patch Contacts P3 t o  P5. P3 t o  P5, a t  normal s t a t i o n s ,  and P1 t o  
P7, a t  c o n t r o l  s t a t i o n s ,  a r e  n o t  w i red  t o  any dataway l i n e s .  They are  a v a i l a -  
b l e  f o r  p a t c h  connect ions t o  o t h e r  p a t c h  p ins ,  t o  o p t i o n a l  p a t c h  p o i n t s ,  o r  t o  
c e r t a i n  dataway l i n e s  t o  t h e  O V  l i n e  o r  t o  e x t e r n a l  equipment. T h e i r  use must 
n o t  be e s s e n t i a l  f o r  t h e  o p e r a t i o n  o f  t h e  main f e a t u r e s  o f  general-purpose 
p l u g - i n s .  T h e i r  use does make t h e  dataway a specia l -purpose one t h a t  can g i v e  
t r o u b l e  when systems are  changed o r  when c r a t e s  are  exchanged. As before,  I 
cannot recommend t h e i r  use, e s p e c i a l l y  as t h e  a c t u a l  w i r i n g  i s  d i f f i c u l t  t o  
examine i n  most c r a t e s  because o f  t h e  p o s i t i o n i n g  o f  t h e  power supply. 

2.3.17 Power L i n e s  and Grounds. The dataway must i n c l u d e  l i n e s  f o r  a l l  
power l i n e s  d e f i n e d  o r  reserved. Table 2.6 g i v e s  t h e  s p e c i f i c a t i o n  f o r  t h e  
power l i n e s  a t  t h e  p l u g - i n  connector.  I n  p a r t i c u l a r ,  n o t e  t h a t  each connector  
pad i s  r a t e d  f o r  3 A maximum; t o  p r o v i d e  more power, Y1 and Y2 can be assigned 
t o  -6 V and +6 V,  r e s p e c t i v e l y .  However, c u r r e n t  pa ths  must be such t h a t  t h e  
r e t u r n  l i n e s  do n o t  exceed 3 A p e r  contact ,  making a t o t a l  c u r r e n t  t o  0 V i n  a 
module, 6 A maximum. To p r o v i d e  t h e  c u r r e n t  shar ing,  i t  i s  recommended t h a t  
two 10-mS2 r e s i s t o r s  a re  p u t  i n  s e r i e s  w i t h  t h e  r e t u r n  pads, and t h a t  d i f f e r -  
e n t  s e c t i o n s  o f  t h e  board are  powered s e p a r a t e l y  f rom t h e  two +6-V power 
sources ( F i g .  2.14). Modules t h a t  use Y1 and/or Y2 must be s p e c i f i c a l l y  marked 
as c r a t e s  w i t h  t h i s  connect ion are nonstandard. The power supply  and i t s  
mount ing i s  q u i t e  o u t s i d e  t h e  bas ic  standard, a l though d i f f e r e n t  i n s t i t u t i o n s  
have e s t a b l i s h e d  de- fac to  standards, n o t a b l y  CERN. 

2.3.18 Coo l ing  t h e  Crate. Without forced coo l ing ,  t h e  d i s s i p a t i o n  o f  a 
c r a t e  should n o t  be above 200 W, 8 W p e r  module. Wi th  f o r c e d  
d i s s i p a t i o n  can be increased t o  25 W p e r  s t a t i o n .  Because c o o l  
more r e l i a b l e  c i r c u i t s  i n  general ,  good c o o l i n g  i s  impor tant .  

coo l ing ,  t h e  
c i r c u i t s  mean 
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Nominal Voltage on 
Power L ine  i n  Crate 

Mandatory 
+24 V dc 
+ 6 V d c  
- 6 V d c  
-24 V dc 

o v  

Addi t iona l  (as required) 

+12 V dc 
-12 V dc 

Voltage Tolerance a t  
Dataway Connectors 

i1.ox 
+2.5% 
22.5% 

i1.ox 

i1.m 
*l.G% 

Table 2.6 

POWER 1. IN€ STANOARDS 

- Maximum Current Loads 

I n  the P lug- in  per 
u n i t  w id th )  [See - Notes (1) and (3u 

1 A  
2 A  
2 A  
1 A  

I n  the Crate 
JSee Note ( 2 ) l  C m e n t s  

(1 )  The cur ren t  c a r r i e d  by each contact  o f  the dataway 

(2)  The t o t a l  power d i s s i p a t i o n  i n  a c r a t e  wi thout 

(3)  The power d i s s i p a t i o n  i n  each s t a t i o n  must no t  
exceed 8 W i n  general o r  25 W under special  
circumstances 

6 A  connector must not exceed 3 A 
25 A 
25 A fo rced v e n t i l a t i o n  must no t  exceed 200 W 

6 A  

As spec i f ied  i n  TI0-20893 (Latest  rev is ion)  

C m e n t s :  
(1) The cur ren t  c a r r i e d  by each contact  o f  the  dataway connector must no t  exceed 3 A. 
(2)  The t o t a l  power d i s s i p a t i o n  i n  a c r a t e  wi thout forced v e n t i l a t i o n  must no t  exceed 200 W .  
( 3 )  The power d i s s i p a t i o n  i n  each s t a t i o n  must not exceed 8 W i n  general o r  25  W under special  circuhstances. 

+ 6 V , Y 2  
-6V ,Y1  

t 6 V  4 3 A  EACH Q 3 A  EACH 

OV P O W E R  RETURN 

O V  P O W E R  RETURN 
I 

E a  1omn EACH 
( e .  g, 25mm # 16 MANGANAN W I R E )  

Fig. 2.14. 
Typ ica l  current sharing with supplementary 6-V power. 
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2.3.19 Summary o f  t h e  Dataway. Table 2.7 shows t h e  p i n  assignments f o r  
a normal CAMAC s t a t i o n  and serves as a summary o f  what has been covered 
above. Table 2.8 g i v e s  t h e  same assignments f o r  t h e  c o n t r o l  s t a t i o n ,  t h e  
extreme r i gh t -hand  s t a t i o n .  Here i t  w i l l  be seen t h a t  t h e  R and W l i n e s  have 
been rep laced by t h e  i n d i v i d u a l l y  w i red  L and N l i n e s .  Access t o  these l i n e s  
makes t h i s  p o s i t i o n  p r i v i l e d g e d  and thus  t h e  c o n t r o l  s t a t i o n .  The o n l y  o t h e r  
d i f f e r e n c e  i s  t h a t  t h e  N and L l i n e s  f rom t h i s  s t a t i o n  become P6 and P7. 
Because a c o n t r o l l e r  a l s o  needs access t o  t h e  R and W l i n e s ,  lit must, by  
d e f i n i t i o n ,  be a t  l e a s t  two widths.  To emphasize, no o t h e r  p l u g - i n  i n  a CAMAC 
c r a t e  can i n i t i a t e  a dataway c y c l e  w i t h o u t  separate access t o  t h e  c o n t r o l l e r  
i n  S t a t i o n  25; n e i t h e r  can i t  respond t o  LAMS. F i n a l l y ,  F ig .  2.15 shows t h e  
w i r i n g  of a dataway schemat ica l l y .  The p o i n t  t o  no te  here i s  t h a t  t h e  buss ing 
o f  t h e  R and W l i n e s  ends a t  S t a t i o n  24, and S t a t i o n  25 has i n  t h e i r  p lace  
w i red  t h e  N and L l i n e s .  

DIAGONAL LINES ARE N ISTA 
CIRCLES f, REPRESENT PATCH CONTACTS L (LOOK.AT-ME) LINES BET 
(3 PER NORMAL STATION, 7 FOR STATION AND INDIVIDUAL N / CONTROL STATION) 

I 2 

' {  

BUS LINES 
CONTINUE 

TO ALL '  
NORMAL 
STAT IONS 

< I  

REE BUS LINES PI.P2 12 1 
FUNCTION F ( 5 )  

SUBADDRESS A 14) 
INHIBIT I ,  CLEAfi C 121 

INITIALIZE 2 ,  BUSY B 121 
STROBE SI.52 12)  

RESPONSE 0 I I )  
:OMMAND ACCEPTED X 1 I )  

WRITE LINES W 124) 

READ LINES R 1241 

POWER SUPPLY LINES I I  

24  
u u u  

I9 20 21 22 23 

I N )  AND 
EN CONTROL 
M A L  STATIONS 

1 

I I [ I  I 4  
,J ~ C O N T A O L  

I INO 25) 

I I STAT ION NORMAL STATIONS (1 -24  I 

CRATE CONTROLLER OCCUPIES STATION 2 5 !  
PLUS AT LEAST ONE NORMAL STATlON 
(USUALLY NO 2 4 )  

Fig .  2.15. 
Dataway w i r i n g ,  f r o n t  view o f  a t w e n t y - f i v e  s t a t i o n  c r a t e .  
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T a b l e  2.7 

CONTACT ALLOCATION AT A NORMAL STATION 

Bus l l n e  
Bus l i n e  
I n d i v i d u a l  p a t c h  c o n t a c t  
I n d i v i d u a l  p a t c h  c o n t a c t  
I n d i v i d u a l  p a t c h  c o n t a c t  
Bus l l n e  
Bus l i n e  
Bus l i n e  
I n d i v i d u a l  l i n e  
I n d i v l d u a l  l i n e  
Bus l i n e  
Bus l i n e  

Twenty - four  W r i t e  Bus l i n e s  
W1 = l e a s t  s i g n i f i c a n t  b i t  
W24 = most s i g n i f i c a n t  b i t  

Twenty - four  Read Bus l i n e s  
R1 = l e a s t  s i g n i f i c a n t  b i t  
R24 = most s i g n i f i c a n t  b i t  

Power Bus l i n e s  

Command Accepted 
I n h i b i t  
C l e a r  
S t a t i o n  Number 
LAM 
St robe 1 
S t r o b e  E 

(Viewed From F r o n t  of C r a t e ]  

Free  Bus l i n e  P1 
Free Bus l i n e  P2 

P3 
P4 
P5 
X 
I 
C 
N 
L 
s1  
s2  

W  24 
w22 
w20 
W18 

W16 
W14 
w12 
w10 
W8 
W6 
w4 
w2 

R24 
R22 
R20 
R18 
R16 
R14 
R12 
R10 
R8 
R6 
R4 

R2 

-12 V dc -12 

Reserved (C) 
Reserved ( A )  
Supplementary -6 V Y1 
+12 V dc +12 

Supplementary +6 V Y2 
0 V (Power R e t u r n )  0 

B 
F16 
F8 
F4 
F2  
F1 
A8 
A4 
A2 
A1 
2 
4 

W23 
w21 

w19 
W17 

W15 
W13 
w11 
w9 
w7 
w5 
w3 
w1 

R23 
R2 1 
R19 
R17 
r15 
R13 
R11 
R9 
R7 
R5 
R3 
R1 

- 24 
-6 

E 
+24 
+6 

Busy 
F u n c t i o n  
F u n c t i o n  
F u n c t i o n  
F u n c t i o n  
F u n c t i o n  
Su bad dress  
Subaddress 
Subaddress 
Subaddress 
I n i t i a l i z e  
Response 

-24 V dc 
-6 V dC 
Reserved ( B )  
Clean E a r t h  
t24 V dc 
+6 V. dc 

Bus l i n e  
Bus l i n e  

Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  

0 0 V (Power R e t u r n )  
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Tab le  2.8 

I n d i v i d u a l  p a t c h  c o n t a c t  
I n d i v i d u a l  p a t c h  c o n t a c t  
I n d i v i d u a l  p a t c h  c o n t a c t  
I n d i v i d u a l  p a t c h  c o n t a c t  
I n d i v i d u a l  p a t c h  c o n t a c t  
Bus l i n e  
Bus l i n e  
Bus l i n e  
I n d i v i d u a l  p a t c h  c o n t a c t  
I n d i v i d u a l  p a t c h  c o n t a c t  
Bus l i n e  
Bus l i n e  

Twenty - four  i n d i v i d u a l  
LAM l i n e s  (L1  f r o m  
S t a t i o n  1, e t c . )  

Power Bus l i n e s  

CONTACT ALLOCATION AT A CONTROL STATION 
(Viewed From F r o n t  of C r a t e )  

Command Accepted 
I n h i b i t  

C l e a r  

S t r o b e  1 
St robe 2 

-12 V dc 
Reserved ( C )  
Reserved (A)  
Supplementary -6 V 
+12 V dc 
Supplementary +6 V 
0 V (Power R e t u r n )  

P1 
P2 
P3 
P4 
P5 
X 
I 
C 

P6 
P7 

s 1  
52  

L24 
L23 
L22 
L21 
L20 
L19 
L18 
L17 
L16 

L15 
L14 
L13 
L12 
L11 
L10 
L9 
LB 
L7 
L 6  
L5 
L4 
L 3  
L2 
L1  

-12 

Y1 
+12 
Y2 
0 

B 
F16 
F R  
F4 
F2 
F1 
A8 
A4 
A2 
A1 
2 
4 

N24 
N23 
N22 
N21 
N20 
N19 
N18 
N17 
N16 

N15 
N14 
N13 
N12 
N11 
N10 
N9 
N8 
N7 
N6 
N 5  
N4 
N3 
N2 
N1 

-24 
-6 

E 
+24 
+6 
0 

Busy 
F u n c t i o n  
F u n c t i o n  
F u n c t i o n  
F u n c t i o n  
F u n c t i o n  
Subaddress 
Subaddress 
Su badd r e  5 s 
Sub address 
I n i t i a l i z e  
Response 

Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  
Bus l i n e  

Twenty - four  i n d i v i d u a l  
S t a t i o n  Number l i n e s .  
(N1 t o  S t a t i o n  1, e t c .  

-24 V dc 
-6 V dC 
Reserved ( B )  
Clean E a r t h  
+24 V dc 
+6 V dc 
0 V (Power R e t u r n )  



2.4 The Timing of a Dataway Cycle 

F i g u r e  2.16 shows t h e  t i m i n g  o f  an addressed dataway cyc le .  The f i r s t  
s tep  i s  t h a t  t h e  c o n t r o l l e r  a s s e r t s  N, A, F, and B. When N i s  t r u e  a t  t h e  
module, n o t  a l l  o f  t h e  A and F l i n e s  w i l l  y e t  be i n  t h e i r  f i n a l  s t a t e ;  t h e r e -  
f o r e ,  a t  f i r s t  t h e  module migh t  w e l l  decode o t h e r  o p e r a t i o n s - - r e c a l l  t h a t  i t  
must t a k e  no i r r e v o c a b l e  a c t i o n  u n t i l  t h e  s t a r t  o f  S1. A f t e r  a maximum o f  
150 ns, these l i n e s  are  s tab le ;  t h e r e  i s  a f u r t h e r  150 ns f o r  t h e  c o n t r o l l e r  
o r  module, depending on t h e  command, t o  e s t a b l i s h  R o r  W l i n e s  Q and X. There 
i s  then a f u r t h e r  100 ns minimum before  t h e  s t a r t  o f  S1, which i s  200 ns long. 
A t  S1, a l l  l i n e s  are assumed s e t t l e d ,  and t h e  o p e r a t i o n  takes p lace ;  d a t a  and 
responses are clocked, e tc .  A minimum of 100 ns a f t e r  t h e  end o f  S1, S2 
occurs.  (Note t h e  c o n s i d e r a t i o n  o f  t h e  degradat ion o f  these p u l s e  shapes 
a l lowed f o r  i n  t h e  t i m i n g . )  The end o f  t h e  c y c l e  i s  a t  a t i m e  a t  l e a s t  100 ns 
a f t e r  S 2  i s  removed by t h e  c o n t r o l l e r .  Thus, t h e  minimum CAMAC c y c l e  l e n g t h  
i s  1 us, b u t  no maximum i s  def ined, t h e r e  be ing  f i v e  windows i n  t h e  c y c l e  
b e f o r e  t3, t5, t6, t8, and t9. Also shown i n  t h e  f i g u r e  i s  t h e  behavior  o f  t h e  
L l i n e  d u r i n g  t h e  opera t ion .  

F i g u r e  2.17 shows a Z o r  C o p e r a t i o n  on t h e  dataway. The o p e r a t i o n  i s  
reduced t o  a minimum o f  750 ns b y  t h e  removal o f  t h e  need f o r  t h e  R, W ,  Q, and 
X l i n e s  being asser ted arid al lowed t o  s e t t l e .  Again, t h e r e  i s  no maximum 
cyc le ,  w i t h  windows before t6, t8, and tg. 

It can t h u s  be seen t h a t  t h e  absolute maximum bandwidth o f  a CAMAC c r a t e  
i s  3 Mbytes/second. If one recognizes t h a t  few modules use S2, 300 ns can be 
trimmed o f f ,  and t h e  o t h e r  t i m i n g s  a l s o  can be trimmed s l i g h t l y  t o  double t h e  
o v e r a l l  bandwidth. T h i s  i s ,  however, o u t s i d e  t h e  s tandard and f o r  s p e c i a l i s t s  
on ly .  

2.5 Address ing 

We have a l ready  seen t h a t  a c r a t e  has 24 addressable s t a t i o n s  and 23 usa- 
b l e  ones. Each p l u g - i n  has up t o  16 subaddresses a v a i l a b l e ,  so t h a t  t h e  t o t a l  
address space o f  a c r a t e  i s  24 x 16 = 384. For  data, t h i s  i s  e f f e c t i v e l y  dou- 
b l e d  because d a t a  r e g i s t e r s  a re  d i v i d e d  i n t o  Group 1 and Group 2 r e g i s t e r s .  
Group 1 r e g i s t e r s  c o n t a i n  p r i m a r y  data, whereas Group 2 r e g i s t e r s  a re  c o n t r o l  
r e g i s t e r s ,  T h i s  separa t ion  o f  t h e  address space i s  done t o  s i m p l i f y  r a p i d  d a t a  
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I 
I 

Do t o  way ;I *-. -- 
Opera t ion  

Note I :  Data  8 status may change in response t o  S2.  
Note 2 :  During some operations Q may change a t  any time. 
Note 3 :  L A M s t a t u s  may be reset during operotion. 
Note 4:  L signal may be maintained during operation. 

Fig.  2.16. 
Timing o f  a dataway command opera t ion .  
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Busy 8 

I 

Do to  way 

-- 
Inhibit ( I )  
with Z only 

Strobe (opt i ona S I  I 1 
i---- 

Note 4 

Maxima 

'6 t7 t8 

(nanoseconds) I 
Minima 

I N o t e  ' 

. 2 .Ov  
I 
I 

I 

i 

Notes : 1. I p r e f e r a b l y  mainta ined . 
2. I accompanying Z. 
3. I generated i n  response t o  Z.S2. 
4. Other t imes as i n  F ig .  2.16. 

F ig .  2.17. 
T iming of a dataway unaddressed opera t ion .  
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a c q u i s i t i o n ,  As we w i l l  see, t h e  d i s t i n c t i o n  i s  made by us ing  d i f f e r e n t  func-  
t i o n  codes. 

2.6 The Funct ion  Codes 

The 31 f u n c t i o n  codes a r e  l i s t e d  i n  Table 2.9, t o g e t h e r  w i t h  a b r i e f  
d e s c r i p t i o n  of t h e i r  meaning. An o v e r a l l  p o i n t  t o  no te  i s  t h a t  many f u n c t i o n s  
have a d e f i n e d  meaning; t h i s  i s  a s t r o n g  p o i n t  i n  CAMAC's favor ,  because i t  
p u t s  a u n i f o r m i t y  on module designs w i t h o u t  r e s t r i c t i n g  t h e i r  f u n c t i o n .  A more 
modern approach i s  t o  have b u t  two bas ic  f u n c t i o n s ,  read and w r i t e ,  and t o  dea l  
i n  b i t s ,  read o r  w r i t t e n ,  t o  enable, t e s t ,  mask, e t c .  

S e l e c t i v e  Set f u n c t i o n s  cause t h e  b i t s  i n  t h e  t a r g e t  r e g i s t e r ,  i d e n t i f i e d  
by ones i n  t h e  word t r a n s f e r r e d ,  t o  be set.  Target  r e g i s t e r  b i t s ,  correspond- 
i n g  t o  zeros i n  t h e  t r a n s f e r r e d  word, a re  unchanged; thus,  a l o g i c a l  OR opera- 
t i o n .  S e l e c t i v e  C lear  works i n  a s 
a r e  c l e a r e d  r a t h e r  than set .  

B i t  Set  and B i t  C lear  work i n  a 
i s  operated on a t  a t ime. The p o s i t  
5 b i t s  o f  t h e  d a t a  word t r a n s f e r r e d ,  

m i l a r  way except t h a t  t h e  i n d i c a t e d  b i t s  

s i m i l a r  way except  t h a t  o n l y  a s i n g l e  b i t  
on o f  t h i s  b i t  i s  i d e n t i f i e d  by t h e  lower  
which c o n t a i n  t h e  encoded b i t  number. We 

w i l l  see l a t e r  t h e  use fu lness  o f  t h i s .  

designer;  although, as we w i l l  see, t h e r e  a r e  good and bad designs. 
I n  general ,  t h e  f u l l  meaning o f  these i n s t r u c t i o n s  i s  l e f t  t o  t h e  module 

2.7 LAMs 

LAMs and t h e i r  h a n d l i n g  w i l l  c rop  up again and again i n  t h i s  Primer. A t  
t h i s  elementary l e v e l ,  we need o n l y  deal  w i t h  t h e i r  hand l ing  up t o  S t a t i o n  25, 
t h e  c o n t r o l l e r  being, a t  t h i s  stage, undef ined. Note t h a t  i n  a l l  o t h e r  r e -  
spects, t h e  CAMAC p l u g - i n  behaves i n  s t r i c t  response t o  commands f r o m  t h e  c r a t e  
c o n t r o l l e r - - t h e  LAM l i n e  i s  t h e  one except ion  t o  t h i s .  Except f o r  t h e  case 
mentioned above, a module can a s s e r t  i t s  L l i n e  when i t  pleases, q u i t e  inde-  
pendent o f  what t h e  c r a t e  c o n t r o l l e r  and i t s  computer i s  do ing  a t  t h a t  moment. 
For  a l l  p r a c t i c a l  purposes, a LAM f rom a module i s  an i n t e r r u p t  t o  t h e  comput- 
e r .  However, a l though a module i s  f r e e  t o  a s s e r t  i t s  LAM when i t  pleases, i t  
can o n l y  remove i t s  LAM as a r e s u l t  o f  s p e c i f i c  CAMAC ac t ion .  Therefore, how 
a r e  LAMs handled i n  t h e  module and what aspects o f  t h a t  hand l ing  are  mandatory? 
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Table 2.9 

THE FUNCTION CODES 

Code 
Function Use of R and W Lines L L U  

RDl 0 Read Group 1 register Functions using the R lines 

RD2 1 Read Group 2 register 
RCl 2 Read and Clear Group 1 register 
RCM 3 Read Complement o f  Group 1 register 

4 Nonstandard 
5 Reserved 
6 Nonstandard 
7 Reserved 

TLM 8 Test LAM 
CL1 9 Clear Group 1 register 
CLM 10 Clear LAM 
CL2 1 1  Clear Group 2 register 

12 Nonstandard 
13 Reserved 
14 Nonstandard 
15 Reserved 

UT1 16 Overwrite Group 1 register 
WT2 17 Overwrite Group 2 register 
SS1 18 Selective Set Group 1 register 
SS2 19 Selective Set Group 2 register 

852 20 Nonstandard--Bit Set Group 2 registera 
SC1 21 Selective Clear Group 1 register 
BC2 22 Nonstandard--Bit Clear Group 2 registera 
SC2 23 Selective Clear Group 2 register 

DIS 24 Disable 
XEQ 25 Execute 
ENB 26 Enable 
TST 27 Test Status 

28 Nonstandard 
29 Reserved 
30 Nonstandard 
31 Reserved 

Functions not using the R or W lines 

Functions using the W lines 

Functions not using the R or W lines 

Function Signals 

Code 
F16 F8 F4 F2 F1 - - - - -  
0 0 0 0 0 0  
0 0 0 0 1 1  
0 0 0  1 0 2  
0 0 0 1 1 3  

0 0 1 0 0 4  
0 0 1 0 1 5  
0 0  1 1 0 6  
0 0 1 1 1 7  

0 1 0  0 0 8  
0 1 0 0 1 9  
0 1 0  1 0 1 0  
0 1 0  1 1 1 1  

0 1 1  0 0 1 2  
0 1 1  0 1 1 3  
0 1 1  1 0 1 4  
0 1 1  1 1 1 5  

1 0  0 0 0 1 6  
1 0  0 0 1 1 7  
1 0  0 1 0 1 8  
1 0  0 1 1 1 9  

1 0  1 0  0 2 0  
1 0  1 0 1 2 1  
1 0  1 1  0 2 2  
1 0  1 1 1 2 3  

1 1  0 0 0 2 4  
1 1  0 0 1 2 5  
1 1  0 1 0 2 6  
1 1  0 1 1 2 7  

1 1  1 0 0 2 8  
1 1  1 0 1 2 9  
1 1  1 1  0 3 0  
1 1  1 1 1 3 1  

'These do not form a part of 583 but derive from DOE/EV-0006. 
+The mnemonics derive from TID-26615. 
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The minimum mandatory f e a t u r e s  are  t o  be ab le  t o  t e s t  o r  d i s t i n g u i s h  i n d i -  
v i d u a l  L A M  sources i n  a module, as w e l l  as i n  t h e  s t a t e  o f  t h e  o v e r a l l  LAM. 
Th i s  i s  e i t h e r  done w i t h  a T L M  F(8) f u n c t i o n  o r  by  read ing  a b i t  p a t t e r n  f rom 
a Group 2 r e g i s t e r .  The f u n c t i o n  TLM i s  mandatory f o r  t h e  o v e r a l l  LAM. The 
o t h e r  mandatory f e a t u r e  r e q u i r e d  i s  t h a t  I n i t i a l i z e  must c l e a r  a l l  L A M s  and 
must c l e a r  L A M  masks i f  t h e y  are  implemented. A L A M  mask i s  a r e g i s t e r  w i t h  as 
many b i t s  as t h e r e  are  L A M s  and where each b i t  i s  used t o  pass o r  t o  b lock  t h e  
corresponding LAM. By convention, w r i t i n g  a 1 t o  a mask enables t h e  LAM. 

F i g u r e  2.18 shows t h e  ways o f  hand l i ng  L A M  sources i n  a module. The two  
main cho ices  are  by  r e g i s t e r s ;  thus, t h e r e  i s  a p a r t i c u l a r  d a t a  b i t  f o r  each 
LAM, o r  by  subaddress f o r  each LAM. The f i r s t  method works w e l l  when t h e r e  a re  
severa l  L A M  sources i n  a module; t h e  l a t t e r  works w e l l  when t h e r e  are  b u t  few. 
The L A M  s t a t u s  r e g i s t e r  i s  necessary t o  c l o c k  t h e  L A M  source, so t h a t  i t  o n l y  
i s  c lea red  by s p e c i f i c  CAMAC ac t i on .  The L A M  reques t  i s  formed by t h e  l o g i c a l  
AND o f  t h e  L A M  s t a t u s  and t h e  L A M  mask r e g i s t e r s ,  t oge the r  w i t h  t h e  o v e r a l l  L A M  
mask; then, t h e  i n d i v i d u a l  L A M  reques ts  a re  OR'd t o  fo rm t h e  o v e r a l l  request, 
i n t e r n a l  L. F i n a l l y ,  t h e  i n t e r n a l  L i s  gated by N o r  o t h e r  s i g n a l  t o  ga te  o f f  
t h e  L s i g n a l  d u r i n g  CAMAC ope ra t i ons  t h a t  migh t  c l e a r  i t . 

I f  L A M s  a re  handled w i t h i n  a module as r e g i s t e r s ,  t h e n  I E E E  583 s t a t e s  
t h a t  t h e y  should be Group 2 r e g i s t e r s  a t  t h e  f o l l o w i n g  subaddresses: 

L A M  s t a t u s  r e g i s t e r  A (  12) 
L A M  mask r e g i s t e r  A (  13) 
L A M  reques t  r e g i s t e r  A (  14) 

The impor tan t  t h i n g s  t o  no te  on L A M s  a re  t h a t  
t h e  hardware o f  t h e  c r a t e  can o n l y  recogn ize  one L A M  p e r  s t a t i o n ;  
t he re fo re ,  when a p l u g - i n  has more i n t e r n a l  LAMs,  i t  must p r o v i d e  t h e  
means t o  i d e n t i f y  t h e  p a r t i c u l a r  LAM. 
L A M s  can be masked b o t h  i n d i v i d u a l l y  and i n  an o v e r a l l  way i n  t h e  
module. 
some L A M  f u n c t i o n s  are  mandatory f o r  p l u g - i n s  t h a t  generate LAMs.  
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O P E R A T I O N  

Clear all LAM status 

CCIear LAM status i 

Set LAM status i 

Examine LAMstatus i 

Disable all L A M  r rquuts 

. ON L A M  i 
STRUCTURE ON A L L  L A M  

VIA DATA BIT i I VIA A ( i )  

Disable L A M  request i 

€nab& LAM request i 

Emmine L A M  mask bit 

I 1 I -  
: I 

I 
1 tnitialir 1 
I ICkarGp2 FiU) .A(i;ij i I I 
I Sel.Clear Gp2 F(23) .A(13) IDisable F(24) I 
I LAM 

I I mark lSeLSet Gp2 F(I9) .A1131 (Enable Fb6) , 
I I 

I 

--- 
I I 

I 0 Bi t  

I 
register --- I 

Disable all L A M  requats 

Enable dl U M  requests 

.Examine L A M  request i 

L A M  
StQtW 

i 

and 

.Examine L signal 

I 
I I ;OiroMe F(24) .Alk) 

IEnable F(26) .A(k) I I I 
I I 

i 
I 

I I 
I I 
I I 

A - *other ' LAM Overall 
LAM 

Specific L A M  
action souTce 

I 
;sCl.Set I Gp2 F(I9) .A l l2 )  !Execute F(25) ! I -  - 
i I I 

--- 
LAM 
status - --  register 

I I I I 
I I I 1 
1 

I 
I 

I 
1 - I ,Test I LAM F(8) .A(k) - 

1 I I I 
I I I 

I 
with many L A M  l f L W  L A M  I distinguish from A( i )  I 

I Preferred for modules IPreferred for lChoou A(k) t o  
(Internal) 

and 

Oataway 
L 

- 
N etc. 

F ig .  2.18. 
Some LAM structure opt ions.  



3. CAMAC SOFTWARE 

3.1 The So f tware  Problem 

t h e  use r  t o  express  what he wants t h e  computer t o  do. 
The essence o f  good s o f t w a r e  suppor t  i s  t o  make i t  as easy as p o s s i b l e  f o r  

readable,  and 
reasonab ly  e f f i c i e n t .  

The f i r s t  p o i n t  because s o f t w a r e  maintenance i s  a b i g  expense i n  t h e  l i f e  
of  a p i e c e  o f  code, and even t h e  au tho r  w i l l  have t r o u b l e  coming back t o  t h e  
code a f t e r  a p e r i o d .  The second p o i n t  o n l y  s t r e s s e s  " reasonab ly "  because 
machines a r e  cheaper t h a n  peop le  and so, f o r  most problems, ease o f  w r i t i n g  and 
speed i n  debugging a r e  o v e r r i d i n g  c o n s i d e r a t i o n s .  I accept  t h e  f a c t  t h a t  t h e r e  
w i l l  a lways be t h e  ext reme problems where t h e  above o r d e r  i s  reversed,  and t h a t  
" reasonab ly "  can be d e l e t e d  o r  even changed t o  ' Ivery" b u t  I f e e l  t h a t  peop le  
k i d  themselves t h a t  t h e i r  p o s i t i o n  i s  t h e  l a t t e r  f a r  more o f t e n  t h a n  i s  r e a l l y  
t h e  case. One can buy a VAX f o r  t h e  average programmer's annual  s a l a r y ,  p l u s  
overheads. Even so, I d o n ' t  suggest s lopp iness !  

I t  f o l l o w s  t h a t  good s o f t w a r e  suppor t  ( languages, e d i t o r s ,  compi le rs ,  
l i n k e r s ,  and debugging a ids,  i f  any,) i s  

easy t o  use; 
encourages, i f  n o t  imposes, readab le  code; 
encourages, i f  n o t  imposes, c o r r e c t  code; 
encourages, i f  n o t  imposes, s t r u c t u r e d  code; 
s i m p l i f i e s  debugging by  a l l o w i n g  t h e  u s e r  t o  do i t  i n  t h e  te rms o f  

The genera l  r u l e  i s  t h a t  t h e  e a s i e r  a system i s  t o  use, t h e  b e t t e r  t h e  use 

Good s o f t w a r e  i s  

t h e  language used; no hex o r  o c t a l  dumps as a minimum! 

w i l l  be made o f  it. 

3.2 1/0 Programming 

F i g u r e  3.1 shows a p i e c e  o f  code p i c k e d  o u t  o f  t h e  waste baske t  i n  t h e  I B M  
room a t  a h igh-energy  p h y s i c s  Labora to ry .  It i s  t h e  o l d  f a m i l i a r  F o r t r a n ,  and 
I have u n d e r l i n e d  t h e  1/0 statements.  The p o i n t  t o  n o t e  i s  t h a t  t h e  use r  i s  
n o t  concerned about t h e  mechanism by wh ich  t h e  b y t e s  o r  c h a r a c t e r s  s p e c i f i e d  
a t  l a b e l  182 a c t u a l l y  g e t  o n t o  t h e  p r i n t e r - - t h a t  w i l l  be d i f f e r e n t  f o r  each 
machine and o p e r a t i n g  system. A l l  t h a t  i s  t a k e n  c a r e  o f ,  by  t h e  c o m p i l e r  and 
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c -- 
1 

10 

2 

182 
c -- c --- 
1000 

c --- 

4 7 2  

R E A D  IN CONTROL DATA 
R E A C C S  r1)TITUL 
F O R M  A T <  1 5  A 4 )  
PRIN 11 0. T I T U L  
FORMATClHlrl8A4) 
READ(SB~)IN 
FORMAT(1 O X  5 1 
CALL U S E Q < l )  
IIN=INCl) 
J = l  
NVT=O 
F O R M  A T  C/* M O N T E  C A R L O  D A T A  FROMJ;J S E T  : DEVICE pCOo ‘,IZ) 

EVENT LOOP 

N R E D = N R E D + l  
IF I J O  DEVTCES HAVE R I G H T  NUMBERS THEN SET U P  ANGLE I N  B F C Z O )  
I N P U T = J  

R E A D < I I N , E Q R = B O , E N D = 9 O ~ ~ F ~ W T ~ E R R ~ T ~  

I F C I N P U T . L T o 1 ) G B  TI1 472 
I F ( I N P U T . G T o 6 ) G U  T U  4 7 2  
B F < 2 0 1 = S P E CT C I N P 111 1 
CONTINUE 

Fig .  3.1. 
A t y p i c a l  F o r t r a n  program w i t h  1/0 statements under l ined .  

t h e  opera t i ng  system. Hidden i n  t h e r e  are  i n t e r r u p t s ,  110 i n s t r u c t i o n s ,  and 
va r ious  o t h e r  t h i n g s  t h a t  need n o t  wor ry  t h i s  p h y s i c i s t .  The same comments 
app ly  t o  t h e  READ statements.  As an aside, i t  i s  a l s o  no tab le  how unreadable 
t h i s  code i s  and how few comments t h e r e  are. 

F igu re  3.2 shows a l l  t h i s  schemat ica l ly ,  w i t h  t h e  jumble o f  machine- 
dependent f a c i l i t i e s  tha t ,  t o  f i r s t  order,  do n o t  concern t h e  user.  Whatever 
machine i s  used, t h e  t h e o r y  i s  t h a t  t h e  ou tpu t  w i l l  be t h e  same because a 
machine independent h i g h - l e v e l  language was used. CAMAC i s  a machine inde-  
pendent h i g h - l e v e l  hardware, so F ig.  3.3 shows t h e  new s i t u a t i o n  w i t h  CAMAC. 
Whereas f rom a h i g h - l e v e l  language t h e  user  had c o n t r o l  o n l y  over t h e  charac- 
t e r s  and t h e i r  p l a c i n g  on t h e  p r i n t - o u t ,  now t h e  user  a l s o  has i n t i m a t e  con- 
t r o l  o f  t h e  CAMAC modules. Th is  i s  because t h e  CAMAC d a t a  formats,  which are  
de f i ned  by t h e  module designer,  and t h e  CAMAC commands and addresses are inde-  
pendent o f  t h e  computer system used. C e r t a i n l y ,  d i f f e r e n t  systems w i l l  gener- 
a t e  d i f f e r e n t  code, bu t  t h a t  w i l l  always be t h e  case. However, an e x t r a  param- 
e t e r  i s  t h a t  t h e  CAMAC code generated i s  a f u n c t i o n  n o t  o n l y  o f  t h e  computer 
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SOURCE I 
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DEPENDENT 

STATEMENTS FOR 
a) INTERNAL DATA 

MANIPULATION 
b) FILE I/O 

Fig.  3.2. 
Conventional computing system. 

OUTPUT 

PROGRAM 
SOURCE 
+DATA 

STATEMENTS FOR 
a)  INTERNAL DATA 

MANIPULATION 
b) FILE I/O 
c) DETAILED I/O 

MACHINE \ DEPENDENT 

OUTPUT 

OUTSIDE 
WORLD 

Fig.  3.3. 
Real-time computing wi th  CAMAC. 
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t ype  but  a lso o f  t h e  CAMAC coupler.  I n  the  CAMAC coupler, one must a lso 
inc lude t h e  LAM handl ing system, o f  which more l a t e r .  

3.3 Software Response t o  I n t e r r u p t s  - 

I n t e r r u p t s  are o f t e n  d i f f i c u l t  t o  grasp. There are two d i s t i n c t  k inds o f  

synchronous i n t e r r u p t s  and 
asynchronous i n t e r r u p t s .  

Synchronous i n t e r r u p t s  are those t h a t  are expected t o  occur as a d i r e c t  
r e s u l t  o f  ac t i on  on the  p a r t  o f  t he  program and u s u a l l y  s igna l  complet ion o f  
some commanded operat ion.  An example o f  t h i s  might be the  complet ion o f  a d i sk  
1/0 opera t ion  o r  a motor d r ive .  Thus, each synchronous i n t e r r u p t  i s  o n l y  
expected a t  c e r t a i n  t ime per iods i n  the execut ion o f  a code. 

Asynchronous i n t e r r u p t s  are those t h a t  can occur a t  any t ime dur ing  t h e  
running o f  a code and u s u a l l y  i n d i c a t e  an event t h a t  resu l ted  f rom ac t i on  ou t -  
s ide the  computer system. Examples here are a keyst roke a t  a computer te rm ina l  
o r  an analogue o r  b ina ry  i n p u t  changing. 

The computer hardware w i l l  have hardware f a c i l i t i e s  tha t ,  on occurence o f  
an i n t e r r u p t ,  w i l l  

i gnore  t h e  i n t e r r u p t  u n t i l  a def ined p o i n t  i n  execut ing the  cu r ren t  

i n te r rup ts ,  a l though a t  t h e  hardware l e v e l  they are t h e  same. These are 

i n s t r u c t i o n  i s  reached--usually t h e  end; 
save the  address t h a t  conta ins the  next  i n s t r u c t i o n  t h a t  w i l l  be 
obeyed ; 
save t h e  "s ta tus "  o f  t he  processor; 

o r i t y  t o  a l e v e l  so t h a t  i t  cannot be i n t e r r u p t e d  f u r t h e r ;  and 

code. 

se t  a new processor s ta tus - - th i s  w i l l  usua l l y  se t  t h e  processor p r i -  

s t a r t  program execut ion a t  a def ined po in t ,  the  i n t e r r u p t  response 

Th is  i n t e r r u p t  response code must then save any working r e g i s t e r s  i t  might 
use, respond t o  and c l e a r  t h e  i n t e r r u p t ,  r e s t o r e  working r e g i s t e r s ,  and then 
cause the  processor t o  r e s t o r e  the  saved processor s ta tus  and resume the  i n t e r -  
rupted program. This  i s  shown schemat ica l ly  i n  Fig.  3.4. The i n t e r r u p t  
response code might  a lso  need t o  change processor p r i o r i t i e s ,  etc., depending 
on d e t a i l s  o f  t he  computer and i t s  opera t ing  system. I n  t h i s  way the  i n t e r -  
rupted program has no way o f  knowing t h a t  t h e  i n t e r r u p t  occurred. 
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MAIN PFOGRAM 

'a 
I n t e r r u p t  masks are r e g i s t e r s  

o f  one o r  more b i t s  t h a t  are used t o  
enable o r  d i sab le  i n t e r r u p t s  o r  
groups o f  i n t e r r u p t s .  They u s u a l l y  
e x i s t  i n  the  hardware attached t o  
the  computer 1/0 por t .  Processor CLEAR WTERRUPT 

!-RESTORE REGISTERS p r i o r i t i e s  are 
s ta tus  t h a t  w i  "RETURN " Pc, PS 

F i a .  3.4, 
a l l  i n t e r r u p t s  
p r i o r i t v .  

p a r t  o f  t h e  processor 
1 d i sab le  o r  mask o f f  
a t  an equal o r  lower 

- 
Because i n t e r r u p t s  can occur a t  

any time, and a sequence o f  events 
i s  never repeatable, good code us ing  

i n t e r r u p t s  i s  hard t o  w r i t e  and o f t e n  i s  harder t o  debug. 
Having se t  t h e  p i c tu re ,  l e t  us look a t  how one might  p u t  CAMAC f a c i l i t i e s  

i n  languages. But f i r s t ,  l e t  us take a look a t  some aspects o f  CAMAC p l u g - i n  
design. 

Flow o f  c o n t r o l  on an i n t e r r u p t .  

3.4 CAMAC P lug- in  Design Considerat ions 

Keeping an eye on t h e  requirements and l i m i t a t i o n s  o f  sof tware can make 
t h e  d i f f e r e n c e  between a poor, hard-to-use p l u g - i n  and a good, easy-to-use 
p lug- in .  The p l u g - i n  w i l l  be designed once bu t  programmed many times; there-  
fore,  i t  i s  c l e a r l y  c o s t - e f f e c t i v e  t o  take good care i n  t h e  design phase. 
These considerat ions fo l l ow .  

3.4.1 Data Formats. Although one can, w i t h  l o g i c a l  operat ions added, do 
anything w i t h  Fo r t ran  and o ther  h igh - leve l  languages, i t  considerably  s i m p l i -  
f i e s  the  software i f  twos-complement i n t e g e r  data i s  understood by the  module. 
I once had t o  program a stepper-motor d r i v e r  t h a t  took the  number o f  steps t o  
d r i v e  i n  a s ign  and magnitude in teger ,  so t h a t  +1 was 0001 (hex) and -1 was 
8001 (hex). Even i n  Assembler, t h i s  was no t  simple t o  generate f rom the  twos- 
complement sub t rac t i on  t o  determine how many steps t o  d r i ve !  

Some instruments n a t u r a l l y  generate A S C I I  o r  BCD data and the  engineer 
must then decide whether t o  convert  t h i s  t o  b ina ry  i n  hardware o r  i n  software. 
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One gu ide  i s  t h a t  t h e  b i g g e r  and more p o w e r f u l  t h e  computer system i s ,  t h e  more 
t h e  hardware should do f o r  it. Here i t  i s  a case o f  match ing expense. 

P S E  

R N R  
0 . 0 0 . .  SPEED A Y R COUNT No. 

3.4.2 R e g i s t e r  Packing. T h i s  i s  a bad aspect o f  some designs. L e t  us  
assume t h e r e  a re  a few s i n g l e  b i t s  o f  i n f o r m a t i o n  and one or two smal l  numbers 
t o  make a v a i l a b l e  o r  t o  be w r i t t e n  t o  t h e  p l u g - i n .  Why not ,  f o r  economy, pack 
them a l l  up i n  one r e g i s t e r  so t h a t  o n l y  one CAMAC f u n c t i o n  need be used? I 
show t h i s  i n  F i g .  3.5. I t  l o o k s  n i c e  and e f f i c i e n t  but ,  g i v e n  t h a t  you have 
j u s t  read t h a t  word, t h i n k  o f  a l l  t h e  masking and s h i f t i n g  t h a t  need do ing  t o  
separate o u t  t h e  components! Worst o f  a l l ,  t h e  LINE number spans t h e  boundary 
between b y t e  2 and 3--even more d i f f i c u l t  f o r  a 1 6 - b i t  machine. As an exe r -  
c i se ,  w r i t e  a program i n  F o r t r a n  o r  Assembler t o  separate o u t  LINE number, 
SPEED, and COUNT i n t o  t h r e e  separate v a r i a b l e s  o r  reg i s te rs - -how much f a s t e r  
t o  use f o u r  separate r e g i s t e r s ,  w i t h  one ded ica ted  t o  t h e  s t a t u s  b i t s .  

3.4.3 I n t e r r u p t  Decoding. The two cho ices  presented by IEEE 583 a re  n o t  
q u i t e  s a t i s f a c t o r y ,  C l e a r l y ,  t e s t i n g  f o r  a LAM a t  each p o s s i b l e  subaddress i s  
n e i t h e r  f a s t  n o r  e l e g a n t  i f  t h e r e  are more than  a ve ry  few LAMs t o  s o r t  ou t .  
I n  t h e  r e g i s t e r  mode, a word i s  read  i n  w i t h  a b i t  s e t  fo r  each LAM. The code 
t o  t e s t - s h i f t - c o u n t  i s  n o t  d i f f i c u l t  t o  w r i t e ,  b u t  s top  t o  work o u t  how l o n g  
i t  migh t  t a k e  on an L S I  11-23 g i v e n  16 LAMs p o s s i b l e ,  t h u s  on average go ing  
e i g h t  t imes  round t h e  loop. I make t h a t  about 100 us on an 11/23 and 240 us on 
an L S I  11 /2  w r i t i n g  i n  Assembler. NOW, t h e r e  a re  q u i t e  s imp le  c i r c u i t s ,  p r i -  
o r i t y  encoders, which w i l l  determine t h e  most s i g n i f i c a n t  b i t  se t ;  t h e r e f o r e ,  
my suggest ion f o r  a LAM request  r e g i s t e r  would be as shown i n  F i g .  3.6. The 
t o p  b y t e  now can be used as a d i r e c t  indexed jump o r  computed GOT0 t o  g e t  t o  
t h e  a p p r o p r i a t e  s e r v i c e  r o u t i n e .  C l e a r l y ,  t h e  i d e a  o f  f i x e d  LAM p r i o r i t y  has 
been i n t r o d u c e d  here, and some thought  w i l l  need t o  be g i v e n  as t o  t h e  e x a c t  
p l a c i n g  o f  LAMs. 

F ig .  3.5. 
R e g i s t e r  pack ing.  
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ENCODED LEFT L 
MOST BIT SET 16 000 

F ig .  3.6. 
Suggested LAM reques t  r e g i s t e r .  

L 
1 

3.4.4 Subaddress Use. A w e l l  thought-out  p l u g - i n  des ign  makes i t  f a r  
eas ie r ,  and hence l e s s  expensive, t o  use. Here, n o t  many des igns f o l l o w  t h e  
recommendation of I E E E  583 t h a t  f e a t u r e s  should be a t  separate subaddresses. 
One must f i r s t  analyze t h e  f u n c t i o n  o f  t h e  module i n t o  separate f e a t u r e s  t h e n  
do t h e  d e t a i l e d  s p e c i f i c a t i o n .  An example m igh t  be a stepper-motor c o n t r o l l e r .  
A s p e c i f i c a t i o n ,  somewhat abbreviated, m i g h t  be as g i v e n  below. 

Step R e g i s t e r  A(0)--Can be w r i t t e n  (WT1) and read (RD1). Contains 
twos complement o f  number o f  s teps  t o  be d r i ven ,  n e g a t i v e  equals  
counterc lockwise.  
Speed R e g i s t e r  A(1)--Can be w r i t t e n  (WT1). T h i s  i s  a 1 2 - b i t  r e g i s t e r  
and t h e  p o s i t i v e  number w r i t t e n  s p e c i f i e s  speed i n  steps/second. 
A c c e l e r a t i o n  R e g i s t e r  A(2)--Can be w r i t t e n  (WT1). T h i s  1 0 - b i t  r e g i s -  
t e r  d e f i n e s  number o f  m i  1 l i s e c o n d s  over  which a c c e l e r a t i o n  and 
d e a c c e l e r a t i o n  t o / f r o m  d e f i n e d  speed t a k e  p lace .  

Note t h a t  t h e  subaddress i s  c l o s e l y  t i e d  t o  t h e  i d e n t i f i e d  f e a t u r e .  There a re  
16 subaddresses, and t h e r e  i s  no p a r t i c u l a r  m e r i t  i n  cramming e v e r y t h i n g  i n t o  
j u s t  one o f  them! 

A c t i o n  o f  w r i t i n g  a nonzero number s t a r t s  motor.  

3.4.5 Soft  L inks .  T h i s  p o i n t  r e l a t e s  t o  hardware, hardware maintenance, 
and sof tware.  Very o f t e n  t h e r e  a re  s e v e r a l  q u i t e  d i s t i n c t  ways o f  u s i n g  a 
module, and o f t e n  t h e s e  cho ices  a re  made w i t h  w i r e  l i n k s  and s o l d e r  on t h e  
board. 

Almost always t h e  so f tware  cannot check t o  see i f  t h e  l i n k s  a r e  where 

N 

That i s  f i n e  except f o r  two p o i n t s :  

t h e y  should be. 
When t h e  p l u g - i n  i s  changed o u t  f o r  any reason, t h e r e  i s  o n l y  a (0.5) 
chance t h a t  t h e  N l i n k s  on t h e  new board a r e  c o r r e c t .  

These problems a re  overcome i f  the cho ices  a re  n o t  made w i t h  w i r e  b u t  w i t h  
b i t s  i n  a s t a t u s  r e g i s t e r ;  t hen  t h e  so f tware  can s e t  up t h e  p lug - in ,  and i t  
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w i l l  n o t  f o r g e t  t o  do so. 
s o f t  l i n k s ! )  

(Many hours have been wasted because o f  t h e  l a c k  o f  

3.5 Software Standards f u r  CAMAC 

Software standards f o r  CAMAC took  a l i t t l e  w h i l e  t o  emerge a f t e r  t h e  o r i -  
g i n a l  CAMAC standard. Many approaches were taken i n  d i f f e r e n t  i n s t i t u t i o n s  
and t h e  i n i t i a l  a t tempts a t  s t a n d a r d i z a t i o n  were n o t  good. T h i s  was because 
b a s i c a l  l y  t h e y  were academic exerc ises  r a t h e r  t h a n  p r a c t i c a l  standards. The 
f i r s t  a t tempt  was pub l ished i n  t h e  CAMAC B u l l e t i n  i n  November 1972 as a p r o -  
posa l  f o r  a CAMAC language. F i x i n g  on t h e  i d e a  o f  a language t u r n e d  o u t  t o  be 
a mistake, and indeed t h e  i d e a  c a r r i e d  over  t o  t h e  f i r s t  standard:  IML, which 
s tood f o r  I n t e r m e d i a t e  Language. In f a c t ,  i t  was t h e  d e f i n i t i o n  o f  t h e  seman- 
t i c s  f o r  adding CAMAC f a c i l - i t i e s  t o  a language w i t h  an example o f  t h e  syntax.  
The t h r e e  standards I w i l l  d iscuss  are a l l  a d d i t i o n s  t o  e x i s t i n g  languages. 

I n  adding CAMAC t o  an e x i s t i n g  language, one has t h r e e  cho ices  o f  o v e r a l l  
approach : 

Add CAMAC t o  t h e  language us ing  i t s  genera l  syntax r u l e s .  T h i s  
approach means w r i t i n g  a new compi le r  o r  m o d i f y i n g  an e x i s t i n g  one. 
Add CAMAC i n  a s i m p l e r  manner so t h a t  a preprocessor  t o  t h e  c o m p i l e r  
can t a k e  t h e  CAMAC statements and expand them as necessary i n t o  
standard language statements. T h i s  approach i s  u s u a l l y  used w i t h  
assemblers. 
Add CAMAC c a l l s  u s i n g  t h e  standard subrout ine  o r  procedure c a l l  mech- 
anism o f  t h e  language. I n  t h i s  case, one adds procedures o r  subrou- 
t i n e s  t o  t h e  run- t ime l i b r a r y .  

3.5.1 Real-Time Basic  For  CAMAC. T h i s  i s  now i n  i t s  t h i r d  r e v i s i o n  as 
i t  i s  kept  i n  s tep  w i t h  t h e  s t a n d a r d i z a t i o n  o f  Real-Time Basic.  The i n t e n t  i s  
t o  produce a v e r s i o n  o f  t h e  language t h a t  r e q u i r e s  a new compi le r  o r  i n t e r -  
p r e t e r .  The approach i s  t o  d e c l a r e  iinames" as PROCESS o r  CAMAC var iab les ,  so 
t h a t  i n  t h e  body o f  t h e  code t h e  CAMAC r e g i s t e r s  can be e a s i l y  and l e g i b l y  
referenced. The 1/0 d a t a  fo rmat  a l s o  needs t o  be dec lared.  F i n a l l y ,  CAMAC 
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LAMS can be d e f i n e d  as events  t o  be wa i ted  on i n  WAIT statements. 
these d e c l a r a t i o n s  a r e  

Examples o f  

400 PROCESS INPUT WEIGHT "CAMAC (1,3,17,0) (F2) (B10)" 
41 0 PROCESS OUTPUT PANEL "CAMAC ( , , 2 , 4) ( C4) I' 
420 PRODIM MPX(4) 
421 PROCESS INPUT MPX( 1 ) "CAMAC ( , , 5,O) I' 

422 PROCESS INPUT MPX( 2) "CAMAC (, ,5,1)" 
423 PROCESS INPUT MPX( 3)  "CAMAC ( , , 5,2) 'I 

424 PROCESS OUTIN MPX(4) "CAMAC (,,7,0) ( F l ) "  
430 PROCESS EVENT FULL "CAMAC WEIGHT GL3" 

I n  t h e  body o f  t h e  code, 1/0 opera t ions  are  then w r i t t e n  l i k e  
600 I N  FROM WEIGHT TO G 

o r  
810 OUT TO PANEL FROM H 

E a r l i e r  vers ions  of Real-Time Basic  d i d  n o t  have e x p l i c i t  1/0 opera t ions  i n  t h e  
code. 

A lso  d e f i n e d  i s  a s imp le  f o r m  o f  b l o c k  t r a n s f e r  t h a t  a l l o w s  t r a n s f e r s  
f r o m / t o  a s i n g l e  CAMAC address i n t o / f r o m  an ar ray .  

Contro l ,  o r  d a t a l e s s  operat ions,  t a k e  p l a c e  w i t h  a statement l i k e  
a05 CONTROL M P X ( ~ )  ENB. 

The d e f i n e d  f u n c t i o n  codes are  
ENB - f u n c t i o n  code 26, 
D I S  - f u n c t i o n  code 24, 
CL1 - f u n c t i o n  code 9 ( c l e a r  Group 1 r e g i s t e r ) ,  
CL2 - f u n c t i o n  code 11 ( c l e a r  Group 2 r e g i s t e r ) ,  
cz - a c t i v a t e  t h e  c r a t e  I IZ"  bus, 
ENCD - enable c r a t e  demands, 
D I S C D  - d i s a b l e  c r a t e  demands, 
cc - a c t i v a t e  t h e  c r a t e  "c lear1 '  bus, 
CLRCI - remove " c r a t e  i n h i b i t " ,  and 
SETCI - s e t  " c r a t e  i n h i b i t " .  

Note t h e  l a c k  o f  XEQ, and TST. 

C o n t r o l  o f  t h e  LAM a t  t h e  module o r  system l e v e l  i s  achieved w i t h  t h e  CONTROL 
statement and a new s e t  o f  LAM-action keywords. These do u n i f y  t h e  two ways 

Q and X can be t e s t e d  w i t h  statements l i k e  
850 I F  QCAM = 0 THEN 900. 
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o f  r e f e r r i n g  t o  LAMS--the subaddress and t h e  r e g i s t e r  methods. A statement 
example migh t  be 

The l i s t  o f  a v a i l a b l e  keywords w i t h  t h e i r  meanings a r e  
951 CONTROL FULL ENL 

- enable LAM, e i t h e r  F(26)  a t  a subaddress o r  s e t  t h e  appro- 
p r i a t e  b i t  i n  t h e  Group 2 mask r e g i s t e r  A(13), accord ing t o  
t h e  dec 1 a r a t  i o n  

ENL 

DISL 

TEST 

CLRL 

MENL 

MDISL 

MTEST 

MCLRL 
F i n a l  ly, t h e r e  

- d i s a b l e  LAM, e i t h e r  F ( 2 4 )  a t  a subaddress o r  c l e a r  t h e  
a p p r o p r i a t e  b i t  i n  t h e  Group 2 mask r e g i s t e r  A(13), accord- 
i n g  t o  t h e  d e c l a r a t i o n .  

- t e s t  LAM request,  e i t h e r  F ( 8 )  a t  a subaddress o r  t e s t  t h e  
b i t  p o s i t i o n  i n  t h e  Group 2 r e g i s t e r  A(14). T h i s  t e s t  
leaves QCAM=l  i f  t h e  LAM i s  set ,  QCAM=O i f  c l e a r .  

- c l e a r  LAM, e i t h e r  F(10)  a t  a subaddress o r  c l e a r  t h e  b i t  i n  
t h e  group 2 r e g i s t e r  A(12). 

- module enable LAM u s i n g  t h e  subaddress f o r  o v e r a l l  c o n t r o l ,  
see Sec. 2.3. 

- module d i s a b l e  LAM, o v e r a l l  c o n t r o l .  

- t e s t  LAM i n  t h e  module, o v e r a l l  t e s t .  

- c l e a r  a l l  LAMS i n  t h e  module. 
a re  some b i t  s t r i n g  f a c i l i t i e s  as extens ions t o  t h e  standard and 

a l s o  some f a c i l i t i e s  concern ing LAM graders t h a t  a re  programmable. 
I n  summary, Real-Time Basic  f o r  CAMAC i s  an at tempt  t o  remove t h e  1/0 

aspects t o  t h e  d e c l a r a t i o n  phase and t o  use s imple 1/0 statements i n  the main 
body o f  code. T h i s  makes i t  a l i t t l e  i n f l e x i b l e  f o r  s imple systems but,  g i v e n  
t h e  genera l  d e f i c i e n c i e s  o f  B A S I C ,  Real-Time Basic  f o r  CAMAC does p r o v i d e  a 
u s e f u l  standard. I t s  s t a t u s  i s  t h a t  i t  was o n l y  r e c e n t l y  approved i n  Europe 
by ESONE. I t  i s  a w a i t i n g  approval  i n  t h e  US. 
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3.5.2 Subroutines f o r  CAMAC. Th is  document def ines a se t  o f  subrout ines 
t o  be provided as p a r t  o f  t h e  run-t ime system of a language t o  g i ve  f u l l  CAMAC 
access. L i ke  Real-Time Basic f o r  CAMAC, one has t o  dec lare CAMAC reg i s te rs .  
These are packed i n t o  a va r iab le  suppl ied i n  t h e ' c a l l .  This looks l i k e ,  i n  
Fortran, 

The dec la ra t i on  can be unpacked w i t h  

S ing le  CAMAC ac t ions  are def ined w i t h  

CALL CDREG (ext,b,c,n,a) 

CALL CGREG (ext,b,c,n,a) 

CALL CFSA ( f ,ext , in t ,q)  
CALL CSSA ( f  ,ext, i nt ,  q) o r  

Here i n t  i s  an i n t e g e r  expression o r  i n tege r  a r ray  t h a t  con ta ins  the  data 
t o  be t rans fe r red  o r  receives the  t rans fe r red  data. These da ta  are 24 b i t s .  
CSSA c a r r i e s  out  t he  same operat ion bu t  w i t h  the  da ta  word l i m i t e d  t o  t h e  com- 
p u t e r  word length, u s u a l l y  16 b i t s .  The parameter q r e t u r n s  t h e  Q response o f  
t h e  t rans fe r .  

By now i t may be becoming c l e a r  t h a t  t he  rou t i nes  a l l  s t a r t  w i t h  the  l e t -  
t e r  C, and t h a t  t h e  second l e t t e r  g ives t h e  subrout ine type. The remaining 
l e t t e r s  are a mnemonic o f  t h e  r o u t i n e  func t i on .  

The defined meanings o f  t he  second l e t t e r  are 
" C "  i nd i ca tes  t h a t  t he  subrout ine performs a c o n t r o l  funct ion;  

"D" i nd i ca tes  t h a t  the  subrout ine i s  a dec la ra t i on  o f  a CAMAC e n t i t y ;  

"F" i n d i c a t e s  t h a t  t he  subrout ine t r a n s f e r s  f u l l - l e n g t h  (24 -b i t )  da ta  
words; 

I I G "  i nd i ca tes  t h a t  t he  subrout ine analyzes a named CAMAC e n t i t y  i n t o  
i t s  address components; 

" S "  i nd i ca tes  t h a t  t he  subrout ine t r a n s f e r s  sho r t  ( l e s s  than 24 -b i t )  
data words; and 

"T"  i n d i c a t e s  t h a t  t he  subrout ine t e s t s  the  s t a t e  o f  a s igna l  o r  
s t  a t  us i nd ica t  i on. 

There i s  a se t  o f  subrout ines t o  set, c lear ,  and/or t e s t ;  i n i t i a l i z e  ( Z ) ,  
c l e a r  (C), and i n h i b i t  ( I ) .  

The problem t h a t  o f t e n  ar ises  w i t h  adding CAMAC t o  e x i s t i n g  languages and 
compi lers i s  t h a t  t h e  language does no t  u s u a l l y  have f a c i l i t i e s  f o r  asynchro- 
nous processes-- for  example i n t e r r u p t  response code. This  i s  c e r t a i n l y  the  
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case w i t h  Fortran. Subroutines f o r  CAMAC a l l o w  f o r  LAMS t o  be declared down t o  
t h e  subaddress o r  b i t - p o s i t i o n ,  as i n  Real-Time Basic f o r  CAMAC, Th is  i s  done 
i n  a s i m i l a r  way t o  CDREG w i t h  a c a l l  

The in fo rmat ion  i s  encoded i n  the  va r iab le  "lam". The parameter m i s  a subad- 
dress i f  zero o r  p o s i t i v e ,  a negat ive b i t  p o s i t i o n  i f  negat ive.  The parameter 
i n t a  i s  an implementation dependent a r ray  t h a t  conta ins o ther  implementation- 
dependent in fo rmat ion  f o r  t h e  LAM dec la ra t ion .  

Once declared, t h e  LAM can e a s i l y  be enabled and d isabled (CCLM), t es ted  
(CTLM), and c leared (CCLC) w i t h  simple c a l l s .  

Using the  c a l l ,  

CALL CDLAM (lam,b,c,n,m,inta) 

CCLNK ( 1 am, 1 abel ) 
t h e  program can i d e n t i f y  t he  serv ice  r o u t i n e  f o r  a p a r t i c u l a r  LAM t o  the  sys- 
tem. From t h a t  po in t ,  if the  LAM i s  enabled, whenever i t  occurs the  main pro-  
gram w i l l  be stopped, r e g i s t e r s  w i l l  be saved, and execut ion w i l l  s t a r t  a t  t h e  
l a b e l  defined. This  code w i l l  r e t u r n  c o n t r o l  t o  t h e  system when i t  has f i n -  
ished dea l i ng  w i t h  t h e  i n t e r r u p t .  The method by which the  in ter rupt - response 
code communicates w i t h  the  main code i s  ou ts ide  t h i s  standard and up t o  t h e  
systems implementer us ing  t h e  f a c i l i t i e s  o f  t he  operat ing system. 

O f  a l l  t h e  sof tware standards, Subroutines f o r  CAMAC has by f a r  t he  most 
complete se t  o f  rou t i nes  f o r  block t rans fe rs .  I n  f a c t ,  i t  covers a l l  t h e  Block 
Transfers def ined i n  I E E E  683; however, some aspects o f  t h e  c a l l s  are system 
dependent, which i s  an un for tunate  aspect o f  t h e  l ack  o f  s tandard iza t ion  o f  
operating-system in te r faces .  These w i l l  be covered i n  more d e t a i l  l a t e r .  

I n  summary, t he  Subroutines f o r  a CAMAC document p rov ide  a good framework 
f o r  adding CAMAC fea tu res  t o  an e x i s t i n g  language system. One should note t h a t  
t he re  i s  no need t o  implement more rou t i nes  than are  needed i n  a p a r t i c u l a r  
s i t u a t i o n .  

3.5.3 CATY. CATY i s  a language developed s p e c i f i c a l l y  f o r  CAMAC pro-  
gramming. It developed f rom the  need t o  p rov ide  CAMAC t e s t  engineers an easy 
f a c i l i t y  f o r  programming small loops t o  check out  CAMAC p lug- ins.  For 
osc i l l oscope- t r i gge r ing  reasons, t h e  CATY system compiles the  code and then 
runs i t  r a t h e r  than i n t e r p r e t i n g  i t  l i n e  by l i n e ,  r e s u l t i n g  i n  much f a s t e r  
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major  changes have been made: 
Data d e f a u l t s  t o  2 4 - b i t  unsigned i n t e g e r .  
Only s imp le  mathematical  f u n c t i o n s  (+,-,*,/) are supported. 
B i t  m a n i p u l a t i o n  has been added (&,IOR,EOR). 
S h i f t  o p e r a t i o n s  are  inc luded (UP,DOWN). 
CAMAC statements have been added. 
S t r i n g  s u b s t i t u t i o n  f o r  CAMAC addresses has been added. 
I n t e r r u p t  r o u t i n e  f a c i l i t i e s  have been added. 
The a b i l i t y  t o  l i n k  F o r t r a n  subrout ines  w i t h  t h e  CATY 
t o  c a l l  these r o u t i n e s  has been added. 

execut ion.  The syntax and semantics a r e  taken f r o m  B A S I C  b u t  t h e  f o l l o w i n g  

cl ystem a 

Access t o  t h e  Q and X response o f  t h e  l a s t  o p e r a t i o n  has been 

I n  add i t ion ,  some o t h e r  changes have been made, as necessary, f o r  data-  
a c q u i s i t i o n  systems, f o r  example, access t o  t i m e  and da te  as w e l l  as genera l -  
stream I / O .  

prov ided.  

CAMAC address d e f i n i t i o n s  look  l i k e  
E X P l  = 1,l 
DMA = 1,1,3 
SCALER = EXP1,12 
SCALER2 = 1,1,13,0 

The address i s  branch, c r a t e ,  s t a t i o n ,  subaddress. CAMAC opera t ions  i n  t h e  
Code then look  l i k e  

WT1 SCALER,O,A ( =  WT1 l,l,lZ,O,A) 
RD1 SCALERZ, B 
CLM SCALER 

where A and B a re  v a r i a b l e s  t o  be w r i t t e n  f r o m  o r  read i n t o .  Note t h e  s t r u c -  
t u r e  t h a t  can be i n c l u d e d  i n  t h e  address d e f i n i t i o n s .  These d e f i n i t i o n s  have 
two advantages: F i r s t ,  t h e  code can e a s i l y  be made t o  I l t a l k "  t o  a d i f f e r e n t  
module; second, t h e  code can be f a r  more readable.  

One can use a "PEEPii s tatement i n  a CATY code f o r  debugging. T h i s  s t a t e -  
ment w i l l  cause t h e  runn ing  code t o  h a l t  and p r i n t  o u t  a l l  t h e  s i n g l e  v a r i a b l e s  
and t h e i r  c u r r e n t  value. Wi th  s imple commands, one can then examine a r r a y s  
and c o n t i n u e  execut ion  of t h e  program o r  g e t  back i n t o  command mode t o  make 
changes. 
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I n t e r r u p t  r o u t i n e s  look l i k e  
INTR b,c,n 

E X I T  
except t h a t  t h e  a b i l i t y  t o  spec i f y  b,c,n assumes t h e  a b i l i t y  o f  CATY t o  de te r -  
mine which s t a t i o n  i s  i n te r rup t i ng - -o the r  systems in fo rma t ion  t h a t  CATY can 
determine might  w e l l  be i n  t h i s  f i e l d ,  and i t  may then be up t o  t h e  i n t e r r u p t -  
response r o u t i n e  t o  determine which o f  a group o f  p lug - ins  caused t h e  i n t e r -  
rup t ,  The i n t e r r u p t  code between INTR and E X I T  must, a t  leas t ,  c l e a r  the  
i n t e r r u p t .  The b,c,n may be replaced by a named CAMAC address, f o r  example, 

INTR SCALER 
A f e a t u r e  needed f o r  CAMAC-set-up DMA i s  access t o  v a r i a b l e  o r  a r ray  

addresses. Th is  i s  done as f o l l o w s :  

which w i l l  w r i t e  t h e  address o f  6 t o  t h e  DMA u n i t  a l ready def ined. Th is  pu ts  
a r e s t r i c t i o n  on CATY t h a t  i t s  i n t e r n a l  storage o f  24 -b i t  da ta  must be compati- 
b l e  w i t h  t h e  DMA u n i t .  

WT1 DMA,2,@B 

An example program i s  
10 MODULE = 1,1,3 
20 LIGHTS = MODULE,l 
30 SWITCHES = MODULE,O 
40 RD1 SWITCHES,N 
50 FOR I = 1 t o  N 
60 WT1 LIGHTS, I 
70 NEXT I 
80 GO TO 40 

Having run t h i s  program, one might  ge t  back i n t o  command mode and, t o  demon- 
s t r a t e  i n t e r r u p t s ,  t ype  

15 LAM = MODULEYO 
90 I N T R  LAM 
100 CLM LAM 
110 PRINT "1 GOT A LAM" 
120 E X I T  

53 



Another l e g a l  program i s  
10 MODULE = 1,1,N,A 
20 PRINT "ENTER MODULE STATION NUMBER", 
30 INPUT N 
40 FOR A = 0 TO 15 
50 FOR F = 0 TO 31 
60 FF MODULE,B 
70 I F  CAMX P R I N T  "LEGAL OPERATION F = I',F,''A='I,A 
80 NEXT F 
90 NEXT A 
100 GO TO 20 

T h i s  demonstrates t h e  a b i l i t y  t o  p u t  v a r i a b l e s  i n  f o r  CAMAC addresses and func-  
t i o n s .  To make t h e  program more r o b u s t  one might  t y p e  

33 I F  N<1 STOP 
36 I F  N>22 GO TO 20 

I n  p r a c t i c e ,  CATY i s  . e x c e l l e n t  f o r  p l u g - i n  t e s t i n g  and s imple data-  
a c q u i s i t i o n  systems b u t  s t a r t s  t o  r u n  o u t  o f  steam as a language i n  which t o  
express complex ideas o r  as a language t o  code programs t h a t  have t o  r u n  
ext remely f a s t .  I t s  p r i m a r y  m e r i t  i s  t h a t  i t  makes CAMAC programs ex t remely  
easy t o  w r i t e  and t e s t ,  most impor tan t  f o r  f a u l t  f i n d i n g  o r  f o r  users t o  do 
t h e i r  own d a t a - a c q u i s i t i o n  programming. CATY has been standard ized by t h e  UK 
CAMAC A s s o c i a t i o n  a t  two l e v e l s :  C A T Y l  and CATY2; these documents have been 
adopted by t h e  European CAMAC Associat ion.  It i s  used f o r  p r o t o t y p e  and p r o -  
d u c t i o n  module t e s t i n g  by a l l  t h e  UK CAMAC manufacturers  and, indeed, some US 
manuf ac tu rers .  

4. THE CAMAC PARALLEL BRANCH 

4.1 I n t r o d u c t i o n  

I E E E  596 d e f i n e s  a p a r a l l e l  branch used t o  connect between one and seven 
c r a t e s  t o  a computer th rough a branch d r i v e r .  T h i s  i s  shown s c h e m a t i c a l ~ l y  i n  
F i g .  4.1. The b a s i c  standard d e f i n e s  t h e  cable, connectors, s i g n a l  standards, 
and t h e  use o f  t h e  s i g n a l s  so t h a t  d i f f e r e n t  c r a t e  c o n t r o l l e r s  and branch 
d r i v e r s  can a l l  work together ,  the very  essence o f  a standard. As an appendix, 
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t h e  c r a t e  c o n t r o l l e r  Type A-1 i s  
d e f i n e d  and, indeed, u n t i l  r e c e n t l y  
i t  was t h e  o n l y  c o n t r o l l e r  a v a i l a b l e  
f o r  t h i s  branch. Now t h e  d e f i n i t i o n  
has been s l i g h t l y  extended t o  i n c o r -  
p o r a t e  t h e  ACB and request -g ran t  
mechanism, thus  d e f i n i n g  t h e  Type A-2 
c o n t r o l l e r .  

TERMINATION UNIT 

BRANCH HIOHWAY 
(PARALLEL HIOHWAY) 

CRATE CONTROLLER I OF 7 CRATES 

BRANCH HIGHWAY 
(PARALLEL HIOHWAY) 

CRATE CONTROLLER 1 OF 7 CRATES 

BRANCH H I U H W A Y  

4.2 The S igna l  L i n e s  

Table 4.1 l i s t s  t h e  s i g n a l  l i n e s  
on t h e  branch. Each s i g n a l  has two 
wires,  a s i g n a l  path, and a r e t u r n  
path; thus  t h e  c a b l e  i s  made up o f  
66 t w i s t e d  p a i r s .  

BRANCH ORlVLR 
(PARALLEL N W Y  DRIVER) 
AND TERMINATION 

U 

Fig. 4.1. 
The CAMAC p a r a l l e l  branch. 

Table 4.1 

SlGNAL LINES AT PARALLEL BRANCH PORTS 

Signal 
L ines - 

7 
5 
4 
5 

24 

1 
1 

1 
7 

1 
1 

1 

2 

5 

T i t  l e  D e s i g n a t i o n  Generated by Use 

Command Crate address 
Sta t ion  number 
Subaddress 
Function 

B C R l  - BCR? 
BN1. e ,  4. 8 ,  16 
BA l .  2, 4, 8 
BF1, 2, 4, 8, 16 

Branch d r i v e r  
Branch d r i v e r  
Branch d r i v e r  
Branch d r i v e r  

Each l i n e  addresses one c r a t e  i n  the branch 
Binary coded s t a t i o n  number 
As on Dataway A l i n e s  
As on Dataway F l i n e s  

Data 

Status 

Timing 

Read/Write BRWl - BRW24 Branch d r i v e r  W o r  
Crate c o n t r o l l e r  R, GL 

For Read data, Wri te data, and Graded-L 

Response 
Comand accepted 

Crate c o n t r o l l e r  
Crate c o n t r o l l e r  

As on Dataway Q l i n e  
As on Dataway X l i n e  

Timlng A 
Timing E 

ETA 
B T B l  - ET67 

Branch d r i v e r  
Crate c o n t r o l l e r  

Indicates presence o f  command, e t c ,  
Each l i n e  indicates presence o f  data, etc. 

from one c r a t e  c o n t r o l l e r  

Demand hand 1 i ng Branch demand 
Graded-L request 

BO 
BG 

Crate c o n t r o l l e r  
Branch d r i v e r  

Indicates presence o f  demand 
Requests Graded-L operat ion 

Comnon c o n t r o l  

Reserved 

Free 

I n i t i a l i z e  EZ Branch d r i v e r  As on Oataway 2 l l n e  

BV6 and EV7 For f u t u r e  requirements 

BV1 - EV5 For nonstandard user requirements 

NOTE: An i n d i v i d u a l  r e t u r n  l i n e  i s  provided f o r  each signal  l ine .  Two l i n e s  are provided f o r  a connection t o  the shield, i f  any. o f  the p a r a l l e l  
branch cable. 
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4.2.1 Crate Address B C R l  - BCR7. These seven s i g n a l s  a re  assigned one t o  
each c r a t e  on t h e  branch. Each c r a t e  c o n t r o l l e r  must have a s u i t a b l e  s w i t c h  t o  
s e l e c t  i t s  c r a t e  number and t h i s  s e t t i n g  must be v i s i b l e  on t h e  f r o n t  panel .  
Thus one can choose t o  address any o r  a l l  c r a t e s  a t  once, and we w i l l  see t h a t  
f a c i l i t i e s  e x i s t  so t h a t  one can address any s e l e c t i o n  o f  p l u g - i n s  i n  a system 
a t  once. 

11 

4.2.2 S t a t i o n  Number BN1,2,4,8,16. These f i v e  l i n e s  address t h e  s t a t i o n  
number of i n t e r e s t ,  and are  decoded i n  t h e  c r a t e  c o n t r o l l e r  so t h a t  t h e  p a r t i c -  
u l a r  N l i n e ( s )  can be asserted. The 32 p o s s i b l e  codes are  assigned as shown i n  
Table 4.2. Apar t  f r o m  normal s t a t i o n  numbers, N(0) i s  reserved, N(24) address- 
es s t a t i o n s  s e l e c t e d  by a p r e v i o u s  operat ion,  N(26) addresses a l l  normal s t a -  
t i o n s ,  and N(28) addresses t h e  c r a t e  c o n t r o l l e r .  A l l  these o p e r a t i o n s  generate 
a dataway cyc le .  N(30) a l s o  addresses t h e  c r a t e  c o n t r o l l e r  b u t  does n o t  gener- 
a t e  a cyc le ;  thus, no o t h e r  module i n  t h e  c r a t e  can be aware t h a t  any th ing  has 
happened. 

4.2.3 Subaddress BA1,2,4,8 and Funct ion  BF1,2,4,8,16. These correspond 
d i r e c t l y  t o  t h e  dataway l i n e s .  

Table 4.2 

STATION NUMBER CODES USED I N  CRATE CONTROLLERS 

Use E, S1, and 52 

Reserved 

Address the  carrespanding 
normal s t a t i o n  

Address preselected normal 
s ta t i ons  

Address a l l  normal s ta t i ons  yes 

Address c r a t e  c o n t r o l l e r  on l y  Yes 

Address c ra te  c o n t r o l l e r  on l y  no 

Remarks 

Normal s ta t i ons  
occupied by the 
c o n t r o l l e r  need not 
be addressed 

No dataway operat ton 

Reserved 
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4.2.4 Read/Write BRWl - BRW24. These are b i d i r e c t i o n a l  l i nes ,  u n l i k e  the  
dataway l i nes ,  used t o  save cable and connector costs.  I n  read operat ions they  
correspond t o  the  dataway read l i nes ,  i n  w r i t e  operat ions t o  the  dataway w r i t e  
l i nes .  F i n a l l y ,  they  c a r r y  the  Graded-L ( o r  Graded LAM) in fo rmat ion  dur ing  a 
graded LAM read operat ion,  o f  which more l a t e r .  

4.2.5 Response BQ and Command Accepted BX. These are the  same as t h e  
dataway s ignals .  

4.2.6 Timing A,BTA and B,BTBl - BTB7. The branch t i m i n g  s igna ls  c o n t r o l  
t h e  t i m i n g  o f  a l l  branch operat ions.  The branch d r i v e r  i n i t i a t e s  an opera t ion  
by a s igna l  on t h e  BTA l i n e  and a l l  addressed c ra tes  respond w i t h  s igna ls  on 
t h e i r  i n d i v i d u a l  BTB l i nes .  Each c r a t e  t h a t  i s  on - l i ne  must generate a BTB=1 
on i t s  BTB l i n e  so t h a t  t h e  branch d r i v e r  can know which c ra tes  are on- l ine.  

A branch opera t ion  i s  d i v ided  i n t o  f o u r  phases as shown i n  Table 4.3. I n  
t h e  f i r s t  phase, t h e  branch d r i v e r  es tab l i shes  a l l  the  l i n e s  appropr ia te and 
then wa i t s  t o  a l l ow  f o r  skew. I n  the  second phase, i t  se ts  BTA=1. A l l  con- 
t r o l l e r s  then respond t o  t h e  o ther  l i n e s  on the  branch; i f  t h a t  p a r t i c u l a r  con- 
t r o l l e r  i s  addressed, i t  i n i t i a t e s  t h e  opera t ion- -usua l ly  a dataway cyc le.  I t 
then, a t  S1, es tab l i shes  BX, BQ, and BRW i f  i t  was a read opera t ion  and then 
se ts  i t s  BTB f rom 1 t o  0. The end o f  t h i s  phase i s  when the  branch d r i v e r  
de tec ts  t h a t  a l l  addressed c o n t r o l l e r s  have s e t  t h e i r  BTB=O. Phase th ree  con- 
s i s t s  o f  t h e  branch d r i v e r  wa i t i ng  t o  a l low f o r  skew and then accept ing t h e  
da ta  se t  by the  c o n t r o l l e r  (BQ, BX, and BRW i f  a read). The f i n a l  phase, four, 
c loses down t h e  opera t ion  w i t h  the  branch d r i v e r  s e t t i n g  BTA=O. When t h e  con- 
t r o l l e r  sees t h i s ,  i t  completes t h e  dataway operat ion,  removes i t s  da ta  f rom 
the  branch and sets  i t s  BTB=1. The branch d r i v e r  wa i ts  f o r  a l l  addressed 
BTBs=l and then removes command and w r i t e  data t o  c lose  the  cyc le .  A l te rna-  
t i v e l y ,  a t  t h i s  po in t ,  a new cyc le  can be s ta r ted .  

4.2.7 Branch Demand BD. Th is  s i n g l e  l i n e  i s  asserted by any c r a t e  t h a t  
has a LAM wa i t i ng  serv ice.  This  s igna l  can be as a r e s u l t  o f  any l o g i c a l  func-  
t i o n  o f  t h e  L l i n e s .  There i s  a r e s t r i c t i o n  on t i m i n g  i n  t h a t  t h e  propagat ion 
delay through the  c o n t r o l l e r  and any a u x i l i a r y  LAM-handling modules must no t  
exceed 400 ns. Also, t h e  BD l i n e - d r i v e r  t r a n s i t i o n  t ime must be i n  the  range 
100 +50 ns t o  avoid no ise  e f f e c t s  as the  BD l i n e  can be asserted a t  any t i m e .  
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Table 4.3 

Ac t ion  Timing Signal  
Change and O i r e c t l o n  i n  Branch D r i v e r  

SEQUENCE OF COMMAND MODE OPERATION 

Act ion  
i n  Crate C o n t r o l l e r  i 

- 

1 

2 

3 

4 

- 

(1) Estab l i shes  branch comnand 
(and w r i t e  data) 

( 2 )  Compensates f o r  skew 

(1) I n i t i a t e s  dataway opera t ion  

( 2 )  Es tab l i shes  BQ and BX (and 
read da ta  on p a r a l l e l  branch 
o r  w r i t e  da ta  on dataway) 

1 

I BTB I -  1: 
(1) Waits f o r  BTBl = 0 from a l l  

addressed c r a t e  c o n t r o l l e r s  

(2 )  Compensates f o r  skew 

( 3 )  Accepts BQ and EX (and 
read data) 

1 (1 )  Completes dataway opera t ion  

( 2 )  Removes BQ and BX (and read 
data) f rom p a r a l l e l  branch 

BTB 

(1) Waits f o r  BTBi = 1 f rom a l l  
addressed c r a t e  c o n t r o l l e r s  

~~ ~ 

I 
data) I 

I 
I 

( 2 )  Removes comnand (and w r i t e  I 
o r  

Begins Phase 1 o f  nex t  
operat ion.  

NOTES: (1)  
( 2 )  

Throughout t h e  opera t ion  B G  0. 
Act ions shown i n  brackets apply when requ i red  by t h e  command. 
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4.2.8 Graded-L Request BG. The branch d r i v e r  i n i t i a t e s  Graded-L opera- 
t i o n s  by generat ing BG along w i t h  BCR f o r  each o n - l i n e  c ra te .  Each addressed 
c r a t e  c o n t r o l l e r  generates a 24-b i t  Graded4 word on t h e  BRW l i nes ,  and the  
branch d r i v e r  then reads t h e  OR o f  these words. The dataway L s igna ls  o f  each 
c r a t e  the re fo re  need t o  be se lected and assigned t o  t h e  appropr ia te  b i t  o f  t h e  
Graded-L word. The A-1 c o n t r o l l e r  extends these f a c i l i t i e s  as we w i l l  see. 

Table 4.4 i n d i c a t e s  i n  a way s i m i l a r  t o  Table 4.3, t h e  l o g i c a l  sequence 
o f  operat ions i n  a Graded-L operat ion.  

-- 

4.2.9 Branch I n i t i a l i z e  BZ. Th is  s i g n a l  has p r i o r i t y  over a l l  o thers  on 
t h e  branch, and c r a t e  c o n t r o l l e r s  must generate an i n i t i a l i z e  c y c l e  i n  t h e  
c r a t e  i n  response t o  t h i s  s igna l .  No o the r  s igna ls  are generated w i t h  it and, 
t o  avoid no ise  e f f e c t s ,  t h e  branch d r i v e r  must ma in ta in  i t  f o r  a t  l e a s t  10 ps 
and must n o t  generate any branch opera t ion  f o r  5 ps a f t e r  removing BZ. The 
c r a t e  c o n t r o l l e r  assumes BZ i s  t r u e  a f t e r  i n t e g r a t i n g  i t  f o r  3 +1 us. 

4.2.10 Dataway Clear  and I n h i b i t .  Crate c o n t r o l l e r s  must have some 
f a c i l i t i e s  f o r  s e t t i n g  and c l e a r i n g  these l i n e s .  

4.2.11 Reserved and Free L ines  BV1 - BV7. BV6 and BV7 are reserved f o r  
f u t u r e  a l l oca t i on ,  whereas BV1 - B V 5  are a v a i l a b l e  f o r  use i n  systems. How- 
ever, r e l i a n c e  on t h e i r  use does in t roduce i n c o m p a t i b i l i t y  i n t o  p lug - ins  con- 
t r o l l e r s  and branch d r i v e r s ;  thus, t h e i r  use should be embarked on o n l y  w i t h  
c are. 

4.2.12 Timing Summary. F igures 4.2 and 4.3 summarize the  t i m i n g  and 
r e l a t i o n s h i p s  f o r  branch read and branch w r i t e  operat ions.  The diagrams 
at tempt t o  show t h e  t ransmiss ion delays along t h e  branch. It w i l l  be noted 
t h a t  t h e  branch opera t ion  i s  a handshake opera t ion  so t h a t  t h e  l e n g t h  o f  t h e  
branch o r  delays i n  t h e  c r a t e  c o n t r o l l e r  w i l l  no t  jeopard ize  r e l i a b l e  opera t ion  
o f  t h e  branch. Th is  i s  no t  t h e  s i t u a t i o n  on t h e  CAMAC crate,  where a module 
e i t h e r  responds o r  t h e  opera t ion  f a i l s .  

Looking a t  a branch read operat ion,  F ig .  4.2, i t  s t a r t s  w i t h  t h e  branch 
d r i v e r  asser t ing,  as requ i red  by t h e  p a r t i c u l a r  operat ion,  t h e  BCR, BN, BA, and 
BF l i n e s .  A f t e r  a deskew time, t h e  asse r t i ng  o f  BTA i n d i c a t e s  t o  t h e  addressed 
c o n t r o l l e r s  t h a t  they  must ac t  on t h e  s t a t e  o f  these l i n e s .  The BTA s igna ls  
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r- Phase 
Timing Signal  

Change and D i r e c t i o n  
- 

1 

- 

2 

3 

4 

- 

Act ion  
i n  Crate C o n t r o l l e r  i 

Table 4.4 

SEQUENCE OF GRADED-L OPERATION 

Ac t ion  
i n  Branch D r i v e r  

(1 )  Establ ishes BG and BCR f o r  
on - l i ne  c r a t e s  

( 2 )  Compensates f o r  skew 

(1) Waits f o r  BTBi = 0 f rom a l l  
addressed c r a t e  c o n t r o l l e r s  

~~~~~ ~ 

( 2 )  Compensates f o r  skew 

Establ ishes GL in fo rma t ion  on 
p a r a l l e l  branch 

( 3 )  Accepts GL in fo rma t ion  

I Removes GL i n fo rma t ion  

I BTBi I -  4: 
(1 )  Waits f o r  BTBi = 1 from a l l  

addressed c r a t e  c o n t r o l l e r s  
I 
I 
I 
I 
I 

L I 

I ( 2 )  Removes BG and BCR 
I o r  
I 
I opera t i on  

Begins Phase 1 o f  next  

NOTES: (1)  Throughout the  opera t i on  BG = 1. 
( 2 )  Command s igna ls  BN, BA, and BF are ignored. 
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Fig. 4.2. 
Timing o f  a branch-read operation. 
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PART OF NEXT w w c n  OPERATION 

Fig.  4.3. 
Timing of branch-wr i te  operat ion.  
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w i l l  be seen by t h e  c o n t r o l l e r s  a f t e r  a t ransmiss ion delay. A f t e r  an i n t e r n a l  
de lay t o  a l l ow  f o r  decoding, t he  c o n t r o l l e r  i n i t i a t e s  a CAMAC cyc le ,  and a t  t he  
s t a r t  of S1 t h e  c o n t r o l l e r  gates the  R l i n e s  t o  t h e  BRW l i n e s  and Q X t o  BQ and 
BX. A t  t h e  same time, t h e  c o n t r o l l e r s  respond w i t h  t h e i r  own BTB. When t h e  
branch d r i v e r  has a l l  t h e  expected BTB responses, i t  c locks  the  BRW, Q and X 
l i n e s  and then se ts  BTA=O. The c o n t r o l l e r  responds t o  t h i s  by complet ing t h e  
dataway cyc les  and then s e t t i n g  BTB back t o  a 1. When t h e  d r i v e r  sees a l l  
addressed c r a t e s '  BTBs=l, t h e  cyc le  i s  over. A t y p i c a l  p a r a l l e l  branch opera- 
t i o n ,  i nc lud ing  t h e  CAMAC cycle,  i s  1.6 ps. 

Figure  4.3 shows t h e  branch cyc le  f o r  a w r i t e  operat ion;  t h i s  d i f f e r s  from 
Fig.  4.2 i n  t h a t  o n l y  t h e  BRW l i n e s  are se t  by the  branch d r i v e r  i n  Phase 1 o f  
t h e  operat ion.  

4.3 The Connectors 

The connector chosen f o r  t h e  p a r a l l e l  branch was a 132-way Hughes con- 
nec tor  shown i n  F ig .  4.4, together  w i t h  the  way sockets have t o  be mounted on 
t h e  f r o n t  panel o f  a c r a t e  c o n t r o l l e r .  Being such h igh-dens i ty  connectors, 
they  and t h e  cab le  a re  expensive and do a t  t imes g i v e  problems. 

4.4 E l e c t r i c a l  S ignal  Standards -- 

A l l  u n i t s  at tached t o  the  p a r a l l e l  branch must conform t o  the  s igna l  
standards. Because i t  i s  a bus s t ruc tu re ,  t h e  outputs  d r i v i n g  the  branch must 
be w i re  OR'ed and t h i s  i s  u s u a l l y  an open-co l lec to r  l i n e - d r i v e r .  I f  no u n i t  i s  

t r y i n g  t o  se t  t he  l i n e  t o  a II1I1 t h a t  i s ,  0 V ,  t he  te rmina tor  w i l l  ma in ta in  i t  
a t  ~4 V. Table 4.5 de f ines  t h e  1/0 c i r c u i t s  at tached t o  the  highway as w e l l  
as t h e  terminator .  The BD, BTA, and BTB s igna ls  must be generated from sources 
t h a t  de f i ne  t h e  t r a n s i t i o n  time, 100 +50 ns. It i s  recommended t h a t  t h e  
branch be terminated a t  bo th  ends. F i n a l l y ,  an o f f - l i n e  c r a t e  c o n t r o l l e r  must 
n o t  generate any s igna ls  on the  branch; i f  i t  i s  no t  powered, i t  a lso  should 
no t  ho ld  any l i n e s  down t o  the  II1" s ta te .  

The p a r a l l e l  branch I s  no t  d r i ven  i n  a balanced way; therefore,  i t  does 
have a l eng th  l i m i t a t i o n  ( ~ 4 0  t o  100 m), bu t  i t  i s  heav i l y  dependent on t h e  
cable used and on the  no ise  environment. Th is  length  r e s t r i c t i o n  can be eased 
by us ing  a conver te r  of balanced d r i v e r s  and rece ivers  a t  each end o f  t h e  long 
lengths o f  branch cable. 
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THESE EDGES ARE SHOWN 
FOR CLARITV ONLV AND ARE 
NOT RIGIDLY DEFINED. 

CONTACT 1- 

CONTACT 1- 

u 
VIEW V - Y  

I '? 

" I  

v J 

Note: 1. For information only (See Sec. 6). 

A Fixed Connector--Socket body without jackscrew. 
B Free Connector--Pin body with jackscrew. 
C Hood--Recommended assembly with cable entry adjacent to Contact 1. 

Fig. 4.4. 
Parallel branch ports: arrangement o f  connectors on crate controllers. 
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Table 4.5 

SIGNAL STANDARDS AT PARALLEL BRAWH PORTS 

Condition at Logic Absolute 
Parallel Branch Ports State Limits 

Inputs 
(1) Voltage range 

accepted by unit 

( 2 )  Maximum current supplied 
by unit 

outputs 
(3) Voltage range 

generated by unit 

(4) Minimum current 
sinking capability' 

Termination 
(5) Open-circuit voltage 
(6) Short-circuit current 
(7) Terminating impedance 

Parallel Branch 
(8) Characteristic impedance 

0 
1 

0 
1 

1 

1 

0 
1 

t2.4 V to '5.9 V 
0 v to t1.2 v 

S . 3  mA 
t1.6 mA 
(iO.3 mA for crate 
controller Type A-1) 

0 v to t5 v 

127 mA 

t4.5 V maximum 
50 mA maximum 

70 Cl minimum 

Recommended 
Values 

iO. 3 mAb, d 

0 V to t0.3 V 

133 mA 

d t4.1 V preferred 

100 preferred d 

100 fi maximumd 

aHigher than TTL voltage levels provide an increased noise margin taking into account cable losses and 
reflections due to mismatches. 
bLow input currents result in smaller reflections. Receivers with high input impedance may feed current 
into the line or draw current from the line. 
CThe current sinking capability is given by 

127 mA absolute minimum vo - Vout low 
--57T-- 8*'in low = (133 mA recomnended minimum 

where V, = 4.5 V maximum open-circuit voltage 

maximum low state output 

voltage "Out low= { 0.3 V recomnended f 
2 = 70 Cl minimum characteristic impedance 

Iin low = 1.6 mA maximum low state input current. 

0.5 V absolute 

dRecommended values refer to a set of design values for a preferred terminating circuit. 
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4.5 Crate C o n t r o l l e r  Type - A-1 -- 

The A-1 c r a t e  c o n t r o l l e r  i s  d e f i n e d  t o  work on t h e  p a r a l l e l  branch b u t  i s  
n o t  t h e  o n l y  c o n t r o l l e r  t h a t  can be used on a p a r a l l e l  branch. I t  i s  c l e a r l y  
r e q u i r e d  t o  operate w i t h i n  t h e  standards I E E E  583 and I E E E  596. F i g u r e  4.5 
shows s c h e m a t i c a l l y  t h e  A-1 c o n t r o l l e r .  

The f r o n t  panel  must have t h e  f o l l o w i n g  f e a t u r e s  and no o t h e r s  t h a t  m igh t  
a f f e c t  i n t e r c h a n g e a b i l i t y .  

( 1 )  Two Hughes p a r a l l e l  branch connectors.  
( 2 )  An i n d i c a t i o n  o f  t h e  c r a t e  number. There must be no easy access t o  

t h e  switch,  on o r  t h rough  t h e  f r o n t  panel .  
( 3 )  A means t o  s e t  t h e  c o n t r o l l e r  o f f - l i n e .  
( 4 )  A c o a x i a l  connector  connected t o  t h e  i n h i b i t  l i n e .  
( 5 )  A way t o  manual ly  i n i t i a t e  a dataway i n i t i a l i z e  o r  a dataway c l e a r  

sequence. T h i s  i s  o n l y  e f f e c t i v e  i n  t h e  o f f - l i n e  s t a t e ,  and t h i s  must 
be i n d i c a t e d .  

4.5.1 Data - Signa ls .  - When t h e  c r a t e  c o n t r o l l e r  i s  o n - l i n e  and addressed, 
and t h e  s t a t i o n  number i s  n o t  N(30), i t  must t r a n s m i t  t h e  read  l i n e s  t o  t h e  BRW 
l i n e s  f o r  a read command. Dur ing  w r i t e  o p e r a t i o n s  and f o r  s t a t i o n s  o t h e r  than  
N(30), i t  must t r a n s m i t  t h e  BRW l i n e s  t o  t h e  W l i n e s  o f  t h e  c r a t e .  It i s  
recommended t h a t  t h e  c r a t e  c o n t r o l l e r  ga te  t h e  BRW l i n e s  t o  t h e  R and W l i n e s  
o n l y  when i t  i s  addressed, o n - l i n e ,  and f o r  o t h e r  t h a n  S t a t i o n  30. It can be 
more s e l e c t i v e  i n  i t s  g a t i n g  i f  des i red .  F o r  t h e  A-2 c o n t r o l l e r ,  t h i s  g a t i n g  
i s  mandatory. 

- 4.5.2 Command S igna ls .  The A-1 c o n t r o l l e r  should c o n d i t i o n  t h e  BN, B A Y  
and BF l i n e s  by i n t e g r a t i o n  o r  s t a t i c i z i n g  a t  t i m e  BTA 0+1 t o  p r o t e c t  t h e  
dataway command l i n e s  f r o m  t h e  e f f e c t s  o f  n o i s e  on t h e  branch. The c o n t r o l l e r  
must decode t h e  BN l i n e s  and must a s s e r t  t h e  a p p r o p r i a t e  N l i n e ( s ) .  When Sta-  
t i o n  26 i s  decoded, a l l  N l i n e s ,  N1 - N23, must be asserted. When S t a t i o n  24 
i s  decoded, t h e  c o n t r o l l e r  must a s s e r t  t h e  N l i n e s  1 - 23 accord ing t o  t h e  con- 
t e n t s  o f  a 2 3 - b i t  s t a t i o n  number r e g i s t e r  (SNR) .  T h i s  i s  loaded by t h e  command 
N(30), A(8),  F(16) ,  and BRWl corresponds t o  N1. The SNR i s  n o t  r e s e t  by t h e  
i n i t a l i z e  sequence, Z. 

Table 4.6 l i s t s  commands t h a t  must be implemented by t h e  A-1 c o n t r o l l e r .  
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Table 4.6 

COMMANDS IMPLEMENTED BY CAMAC CRATE CONTROLLER TYPE A-1 

Comm and - 
Ac t ion  -- - N -I_ A - F Response _I_ 

Generate Dataway Z 28 8 
Generate Dataway C 28 9 
Read GL 30 0 t o  7 
Load SNR 30 8 
Remove Dataway I 30 9 
Set Dataway I 30 9 
Test Dataway I 30 9 
Disable BD output  30 10 
Enable BD output  30 10 
Test BD output  enabled 30 10 
Test demands present  30 11 

26 
26 
0 

16 
24 
26 
27 
24 
26 
27 
27 

BQ = 0 
BQ = 0 
BQ = 1 
BQ = 1 
BQ = 0 
BQ = 0 
B Q = l i f I = l  
BQ = 0 
BQ = 0 
BQ = 1 i f  BD enabled 
BQ = 1 i f  demands present  

4.5.3 Demand Handling. The Type A-1 c o n t r o l l e r  prov ides on ly  minimal 
f a c i l i t i e s  f o r  LAM handl ing.  On t h e  back o f  t h e  c o n t r o l l e r  i s  a 52-way double- 
dens i t y  Cannon socket t o  which i s  wi red d i r e c t l y  t h e  23 L l i n e s  f rom s t a t i o n s  
o the r  than those occupied by t h e  c o n t r o l l e r .  Any u n i t  plugged i n t o  t h e  socket 
can then sor t ,  grade, o r  mask t h e  L - l i n e s  a t  w i l l  and can present  up t o  24 
graded LAMS back t o  t h i s  socket. The c o n t r o l l e r  w i l l  gate these l i n e s  i n t o  t h e  
BRW l i n e s  when a graded-LAM opera t ion  occurs. It w i l l  a l so  OR these l i n e s  t o  
form an "internal-demand" s igna l  t h a t  can be i n h i b i t e d  by a l i n e  f rom t h e  r e a r  
52-way connector, " i n h i b i t  i n t e r n a l  D". The "ex terna l  D" l i n e  a t  t h i s  con- 
nec tor  i s  prov ided i n  case t h e  LAM grader i s  t o  generate t h e  "OR" t o  i t s  own 
needs. I n  t h a t  case, i t  i n h i b i t s  t h e  i n t e r n a l  demand by s e t t i n g  " i n h i b i t  
i n t e r n a l  D"=O. F i n a l l y ,  t h e  c o n t r o l l e r  makes a v a i l a b l e  two s ignals ,  N(28) -+ 
N(30) and G(TA+TB). The f i r s t  i s  so t h a t  t h e  LAM grader can be addressed a t  
N(28) o r  N(30), thus avoid ing the  need t o  know t h e  s t a t i o n  i n t o  which i t  i s  
plugged. The LAM grader  can d i f f e r e n t i a t e  between t h e  two because w i t h  N(28) 
i s  generated B, S1, and S2 whereas w i t h  N(30) they  are not.  The second s igna l ,  
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G(TA+TB) (TA i s  t h e  BTA s i g n a l  gated w i t h  " t h i s  c o n t r o l l e r  addressed", l i k e w i s e  
f o r  TB), i s  t o  i n d i c a t e  t o  t h e  LAM grader  t h a t  t h e  graded LAM i n f o r m a t i o n  i s  
needed. I t t h e n  has 350 ns i n  which t o  p resent  i t  t o  t h e  GL l i n e s .  

Thus t h e  system b u i l d e r  has f u l l  freedom t o  OR s t a t i o n  LAMs f r o m  one o r  
many c r a t e s  onto a s i n g l e  GL l i n e ,  o r  s imp ly  w i r e  Ls  t o  any s e l e c t e d  GL. Note 
t h a t  t h e r e  are  o n l y  24 separate GLs on a branch, a l though one can read them o u t  
c r a t e  by c r a t e .  The s i m p l e s t  LAM grader  i s  s imp ly  a p l u g  t h a t  w i r e s  t h e  Ls o f  
i n t e r e s t  t o  a s e l e c t e d  GL. The most compl icated LAM graders p r o v i d e  a mask 
r e g i s t e r  f o r  t h e  LAMs and then t h e  a b i l i t y  f o r  so f tware  t o  p a t c h  these LAMs t o  
any se lec ted  GL l i n e .  The i d e a  of LAM grad ing  arose o u t  o f  h igh-energy phys- 
i c s ,  where one had b u t  a smal l  number o f  p o s s i b l e  LAMs i n  a l a r g e  system and 
t h e y  d i d  n o t  p a r t i c u l a r l y  r e l a t e  t o  t h e  module. I n  o t h e r  systems, t h e  LAM 
u s u a l l y  r e f l e c t s  t h e  needs o f  t h e  s t a t i o n  t h a t  generated them, and so t h e y  
should n o t  be graded a t  a l l .  

4.5.4 The EC 370. T h i s  i s  a LAMs grader  designed by t h e  Daresbury Labo- 
r a t o r y .  T h i s  grader  p r o v i d e s  a 2 3 - b i t  LAM mask r e g i s t e r ,  a 2 3 - b i t  LAM request  
r e g i s t e r ,  and a 5 - b i t  encoded l e f t - m o s t  LAM request  r e g i s t e r .  The LAM mask 
r e g i s t e r  a l lows system sof tware t o  mask o f f  i n d i v i d u a l  LAMs w i t h o u t  knowing 
t h e  p a r t i c u l a r  des ign o f  t h e  modules concerned. I n  response t o  t h e  graded LAM 
operat ion,  t h e  EC 370 asser ted t h e  GL b i t ,  corresponding t o  t h e  c r a t e  i n  which 
i t  was i f  i t  had an unmasked LAM. Using t h i s  LAM grader, t h e  branch graded-LAM 
o p e r a t i o n  would r e s u l t  i n  a 7 - b i t  p a t t e r n  o f  i n t e r r u p t i n g  c r a t e s .  Choosing 
one o f  these t o  read o u t  t h e  enclosed l e f t - m o s t  LAM request  r e g i s t e r  w i l l  then  
give,  i n  two opera t ions  o v e r a l l ,  t h e  i n t e r r u p t i n g  s t a t i o n ,  encoded. I use t h i s  
module as a f a m i l i a r  example. T h i s  LAM grader  served as t h e  model f o r  t h e  
s e r i a l  LAM grader  o f  which more l a t e r .  

4.5.5 Summary. The p a r a l l e l  highway has t h e  m e r i t  o f  speed and inexpen- 
s i v e  c o n t r o l l e r s ,  b u t  t h e  disadvantage o f  expensive cable.  It does p r o v i d e  a 
high-speed system f o r  a t t a c h i n g  up t o  seven CAMAC c r a t e s  t o  a computer. If 
more c r a t e s  a r e  needed, then f u r t h e r  branches must be implemented. Apar t  f r o m  
t h e  c a b l e  cost ,  t h e r e  are  l i m i t a t i o n s  on t h e  l e n g t h  o f  t h e  branch and, because 
i t  i s  a handshake system, t h e  longer  t h e  branch, t h e  s lower  w i l l  be t h e  c y c l e s  
on t h a t  branch. Al though LAM graders have n o t  been even recommended f o r  t h e  
p a r a l l e l  branch, i n  genera l  t h e  LAM graders implemented have emphasized pa tch-  
i n g  of LAMs t o  GLs r a t h e r  than r a p i d l y  f i n d i n g  t h e  i n t e r r u p t i n g  s t a t i o n ,  
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5. THE CAMAC SERIAL HIGHWAY 

5.1 I n t r o d u c t i o n  -~ 

The CAMAC s e r i a l  highway i s  a highway f o r  connect ing between 1 and 62 
c ra tes  t o  a s i n g l e  c o n t r o l l e r .  I t  cons is t s  o f  a u n i d i r e c t i o n a l  loop t h a t  
begins and ends a t  t h e  s e r i a l  highway d r i v e r  and passes through each s e r i a l  
c r a t e  c o n t r o l l e r .  There i s  no requirement t h a t  equipment connected t o  t h e  
s e r i a l  highway be CAMAC, so long as i t  conforms t o  t h e  ser ia l -h ighway pro toco l .  
The highway can be e i t h e r  b i t  o r  byte s e r i a l ,  and i n  add i t i on  t o  data l i nes ,  
t he re  i s  a c lock  l i n e  making, i n  a l l ,  two o r  n ine  t w i s t e d  p a i r s  i n  t h e  highway. 

The s e r i a l  highway i s  def ined p r i m a r i l y  i n  terms o f  message formats, p ro-  
toco ls ,  and s igna l  standards a t  t h e  def ined 1/0 por ts ,  t h e  0-ports. These s ig -  
na l  standards can be changed by ex te rna l  u n i t s  t o  s u i t  p a r t i c u l a r  t ransmiss ion 
requirements. The ex te rna l  u n i t s  are termed undefined p o r t  adaptors o r  U-port 
adaptors. 

F i n a l l y ,  we w i l l  look a t  t h e  recommended s e r i a l  c r a t e  c o n t r o l l e r  Type L-2. 

5.2 S e r i a l  Highway Messages 

The s e r i a l  highway message cons is t s  o f  bytes (8  b i t s )  o f  in fo rmat ion  
t r a v e l i n g  around t h e  s e r i a l  loop. The message s t a r t s  w i t h  the  f i r s t  by te  w i t h  
B i t  7 a zero and the  l a s t  by te  o f  the  message has B i t  7 a one. Any space o r  
o ther  bytes pumped round the  s e r i a l  highway t h a t  do no t  form p a r t  o f  a message 
must have B i t  7 se t  t o  one. Thus, any device on the  s e r i a l  highway can break 
down the  t r a f f i c  i n t o  messages w i thout  knowing t h e  format f o r  t h e  messages. 
Clear ly ,  i t  has t o  know the  format f o r  messages t o  which i t  must respond, so 
t h a t  c o n t r o l l e r s  on the  s e r i a l  highway know which messages are addressed t o  
them. The f i r s t  by te  o f  any message i s  def ined t o  con ta in  the  c r a t e  number. 
Every dev ice on the  highway has a unique c r a t e  number assigned, bu t  t h e  del im- 
i t e r  b i t ,  B i t  7, means t h a t  it need no t  know t h e  format  o f  messages no t  
addressed t o  i t . F igure  5.1 shows the  general format  f o r  a s e r i a l  highway 
message. The header by te  conta ins the  address and i s  t he  f i r s t  byte w i t h  
B i t  7=0. I n  a l l  bytes, B i t  8 i s  t he  p a r i t y  b i t  and i s  se t  t o  ma in ta in  odd 
p a r i t y  i n  the byte.  This  leaves 6 b i t s  per  by te  f o r  message o r  t e x t .  The 
l a s t  byte o f  the  message has B i t  7=1; t he  p a r i t y  b i t  i s  maintained, and t h e  

I 
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Previous message (Delimiter Byte)  
or Intermessage W A I T '  

8 7 6 5 4 3 2 1  
MSB t LSB 

I I  1 1  1 
HEADER BYTE P 0 A D D R E S S  

VA RI ABLE 
LENGTH 
TEXT 

I 

I 
1 MESSAGE 

Fig .  5.1. 
Basic message format .  

1 pz1 I 
DELIMITER BYTE p 

~13 .3338  4 
Following message (Header B y t e )  

or Intermessage WAIT 

remainder o f  t h e  by te  i s  se t  f o r  l o n g i t u d i n a l  even p a r i t y .  I n  t h i s  way t h e r e  
i s  e x c e l l e n t  e r r o r  d e t e c t i o n  on the  t ransmi t ted  and received messages i n  t h e  
system. 

How are bytes a c t u a l l y  t ransmi t ted  on t h e  w i res  o f  t he  s e r i a l  highway? 
Th is  t ransmiss ion i s  d i f f e r e n t ,  depending on whether t h e  mode i s  b i t  o r  by te  
s e r i a l .  I n  b y t e - s e r i a l  t ransmission, 8 b i t s  are c locked by t h e  c lock,  t h e  
n i n t h  s igna l ,  so t h a t  by te  synchronizat ion i s  e a s i l y  maintained. I n  b i t  s e r i a l  
mode, one s igna l  i s  clock,, t h e  o the r  i s  data. Thus, t o  be able t o  e x t r a c t  t h e  
bytes ou t  o f  t h e  stream of b i t s ,  some fo rm o f  by te  synchronizat ion technique 
needs t o  be implemented. Two techniques are commonly used: 

1. Transmit a known synchron iza t ion  by te  t h a t  w i l l  un ique ly  determine 
t h e  by te  frame. For example 11110000 w i l l  do t h i s ,  l lOOl100 w i l l  
not - - there being two poss ib le  by te  frames i n  such a stream. Once syn- 
ch ron iza t i on  i s  achieved, i t  can be maintained by count ing.  C l e a r l y  
t h e  synchron iza t ion  by te  must be p r o h i b i t e d  as t h e  f i r s t  by te  o f  a 
message. 
Provide synchronizat ion on a per-byte bas i s  by t r a n s m i t t i n g  e x t r a  b i t s  
w i t h  each byte.  This  technique i s  used i n  t h e  s e r i a l  highway and i s  
s i m i l a r  t o  t h a t  used i n  asynchronous te rm ina ls  such as VT100s. (The 
d i f f e r e n c e  i s  o n l y  t h a t  t h e  te rm ina l  generates i t s  own clock,  knowing 

2. 

t h e  speed. I n  t h e  s e r i a l  highway, t h e  c lock  i s  t ransmi t ted  so the re  
i s  o n l y  a s i n g l e  speed adjustment i n  a system). 
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F i g u r e  5.2 shows t h e  b i t  stream o f  a b i t  s e r i a l  system. Two e x t r a  b i t s  
a r e  added t o  each b y t e :  a s t a r t  b i t ,  which i s  zero, and a s top  b i t ,  which i s  a 
one. Fur ther ,  i f  t h e r e  i s  a gap between bytes,  t h e  s i g n a l  l i n e  must remain a t  
a one s ta te .  Thus us ing  t h e  synchron iza t ion  b y t e  11100000, t h e  1- to-0 t r a n s i -  
t i o n  i n d i c a t e s  the s t a r t  o f  a b y t e  on t h e  l i n e .  

-- 5.3 E l e c t r i c a l  C h a r a c t e r i s t i c s  o f  t h e  Highway 

The s i g n a l  and c l o c k  standards a r e  d e f i n e d  t o  be e x a c t l y  those o f  t h e  
E l e c t r o n i c  I n d u s t r i e s  Assoc ia t ion  Standard RS 422 and CCITT Standard X27. Th is  
s tandard d e f i n e s  a balanced d r i v e r  and r e c e i v e r  connected by a t w i s t e d - p a i r  
c a b l e  o f  100-0 nominal impedance. I n t e g r a t e d  c i r c u i t s  are a v a i l a b l e  f o r  
t r a n s m i t t i n g  and r e c e i v i n g  these s ignals ,  much s i m p l i f y i n g  des ign and cons t ruc-  
t i o n .  The balanced t r a n s m i t t e r  i s  shown i n  F i g .  5.3. I t  w i l l  be seen t h a t  t h e  
two o u t p u t s  a re  d r i v e n  i n  o p p o s i t i o n  t o  each o t h e r  i n  such a way t h a t  t h e  aver-  
age v o l t a g e  on t h e  l i n e s  i s  approx imate ly  zero regard less  o f  s i g n a l  t r a n s m i t -  
ted,  t h a t  i s ,  balanced. 

Tab le  5.1 shows t h e  bas ic  s p e c i f i c a t i o n  o f  an R S  422 balanced t r a n s m i t t e r .  
I n  summary, i t  s p e c i f i e s  t h a t  t h e  average o f  t h e  two o u t p u t s  should be a t  l e a s t  
2 V o r  50% o f  t h e  maximum s i n g l e  l i n e  vo l tage,  whichever i s  g rea ter .  T h i s  
average should n o t  vary  by more than 0.4 V as t h e  o u t p u t  changes s t a t e ,  and t h e  
v o l t a g e  between t h e  l i n e s  should n o t  vary  i n  magnitude ( i t  w i l l  reverse  s i g n )  
by more than 0.7 V a lso.  

Table 5.2 i n d i c a t e s  t h e  bas ic  s p e c i f i c a t i o n  f o r  a balanced r e c e i v e r .  The 
i n t e r e s t i n g  p o i n t ,  t o  me, i s  t h a t  t h e  maximum common mode vol tage, l i n e  t o  
ground, i s  d e f i n e d  as 10 V, which i s  n o t  t o o  much f o r  long l i n e s .  C lear ly ,  
some o p t i c a l  o r  o t h e r  i s o l a t i o n  would g r e a t l y  improve r e l i a b i l i t y .  

The remainder o f  t h e  t a b l e  i s  se l f -exp lanatory .  

5.4 T iming  

W i t h i n  t h e  standard, as we have a l ready  seen, t h e r e  i s  a system c l o c k  t h a t  
i s  t r a n s m i t t e d  t o  a l l  dev ices on t h e  highway on a separate c l o c k - t w i s t e d  p a i r .  
I f  t h e  highway i s  conver ted t o  an undef ined communication channel f o r  whatever 
reason, t h e  c l o c k  and d a t a  can be encoded o n t o  t h e  same channel and separated 
again a t  t h e  r e c e i v i n g  end t o  r e - e s t a b l i s h  t h e  D-port .  F i v e  MHz i s  t h e  maximum 
instantaneous clock r a t e  t h a t  i s  al lowed i n  t h e  s e r i a l  highway system, and any 
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F i g .  5.2. 
B i t - s e r i a l  byte-frame. 
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TTL 

- - 
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F i g .  5.3. 
An RS422 balanced d r i v e r  and i t s  opera t ion .  
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Table 5.1 

SUMMARY OF CHARACTERISTICS OF BALANCED TRANSMITTER 

Output r e s i s t a n c e  l i n e - t o - l i n e  

Magnitude o f  open c i r c u i t  vo l tage,  
1 i n e - t o - 1  i n e  [ V o ]  

Magni tude o f  open c i r c u i t  vo l tage,  
1 ine- to-ground [Voa, vob] 

Magnitude o f  o u t p u t  vo l tage,  t e rm ina ted  
i n  100 R, l i n e - t o - l i n e  [V,] 

Magni tude o f  o f f s e t  v o l t a g e  [ V o s ]  
(Note 3 )  

Magnitude o f  d i f f e r e n c e  i n  [ V t ]  f o r  
two l o g i c  s t a t e s  

Magnitude o f  d i f f e r e n c e  i n  [ V o s ]  f o r  
two l o g i c  s t a t e s  

Magnitude o f  s h o r t - c i r c u i t  c u r r e n t ,  
l i n e - t o - g r o u n d  

100 R o r  l e s s  

6 V o r  l e s s  

6 V o r  l e s s  

Not l e s s  t h a n  2 V o r  50% Vo, 
whichever i s  g r e a t e r  

3 V o r  l e s s  

Less than  0.4 V 

Less than  0.4 V 

150 mA o r  l e s s  

NOTES: ( 1 )  The maximum values o f  t h e  10 t o  90% r i s e  and f a l l  t i m e s  o f  s i g n a l s  
generated by t h e  t r a n s m i t t e r  when a p p l i e d  t o  a 100 L? r e s i s t i v e  
'load a r e  as f o l l o w s  (where Tmin i s  t h e  b i t  o r  b y t e  per iod,  as 
d e f i n e d  i n  S e c t i o n  8.3): 

f o r  c l o c k  s i g n a l s ,  l e s s  t h a n  20 ns o r  0.05 Tmin, whichever i s  

f o r  d a t a  s igna ls ,  l e s s  t h a n  0.1 Tmin. 
( 2 )  Where a magnitude i s  def ined,  t h e  parameter may be p o s i t i v e  o r  

negat ive.  
( 3 )  The o f f s e t  v o l t a g e  i s  measured between t h e  c e n t e r  p o i n t  o f  a 

100 il t e s t  l oad  c o n s i s t i n g  o f  two r e s i s t o r s ,  50 L? k 1% each, 
and t h e  genera to r  c i r c u i t  ground. 

t h e  g r e a t e r ;  

74 



Table 5.2 

SUMMARY OF CHARACTERISTICS OF BALANCED R E C E I V E R  

I n p u t  r e s i s t a n c e  l i n e - t o - l i n e  [ R t ]  (Note 2 )  

I n p u t  impedance 1 ine-to-ground, w i t h  100 R t e r m i n a t i o n  
removed 

Magnitude of i n p u t  vo l tage,  l i n e - t o - l i n e ,  a t  which r e c e i v e r  
must operate c o r r e c t l y  [Vi ] 

Magnitude o f  common mode vo l tage a t  which r e c e i v e r  must 
operate c o r r e c t l y  [V,,] (Note 3 )  

Maximum magnitude o f  i n p u t  vol tage, l ine- to -ground 

Magnitude of i n p u t  vol tage, l i n e - t o - l i n e ,  w i t h o u t  damaging 
t h e  r e c e i v e r  ( t h e  t e r m i n a t i o n  o f  100 R may be removed 
f o r  t h i s  t e s t ) .  

100 R k 10% 

- >4000 R 

- >0.2 v 
- (6.0 V 

- <7.0 V 

- (10.0 v 

<12.0 v - 

NOTES: ( 1 )  

( 2 )  

( 3 )  

dev ice  on 

Where a magnitude i s  def ined, t h e  parameter may be p o s i t i v e  o r  
negat ive.  
I n  E I A  RS-422 t h e  use o f  a cab le  t e r m i n a t i o n  a t  t h e  balanced 
r e c e i v e r  i s  o p t i o n a l ,  depending on t h e  s p e c i f i c  environment i n  
which t h e  r e c e i v e r  i s  used, b u t  i s  here s p e c i f i e d  as a mandatory 
f e a t u r e  f o r  t h e  balanced r e c e i v e r  used a t  t h e  SH D-port .  
The common mode v o l t a g e  i s  d e f i n e d  as t h e  a l g e b r a i c  mean o f  t h e  two 
vo l tages  l ine- to -ground a t  t h e  r e c e i v e r  i n p u t  t e r m i n a l s .  

t h e  system must operate a t  any f requency up t o  a s t a t e d  maximum, 
which may be l e s s  than 5 MHz. T h i s  means t h a t  t h e  s tandard s e t s  o n l y  an upper 
l i m i t  on t h e  c l o c k  frequency, which may w e l l  be lower i n  any system and a l s o  
may vary  a t  w i l l  so l o n g  as t h e  maximum system f requency i s  n o t  exceeded. 
T h i s  f requency i s  t h e  frequency o f  t h e  s lowest  dev ice  on a p a r t i c u l a r  system o r  
5 MHz, whichever i s  less.  I n  a p a r t i c u l a r  system, o t h e r  c o n s i d e r a t i o n s  may 
r e s t r i c t  t h i s  f requency freedom more than t h e  standard does. 
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Each t i m e  any c o n t r o l l e r  r e c e i v e s  a b y t e  a t  i t s  i n p u t ,  i t  must t r a n s m i t  
one and o n l y  one b y t e  f r o m  i t s  ou tpu t .  A t  t imes  t h i s  w i l l  n o t  be t h e  same 
byte.  Thus, because by tes  cannot  be i n i t i a t e d  by  a c o n t r o l l e r ,  we w i l l  see 
t h a t  i t  i s  impor tan t  t h a t  t h e  s e r i a l  highway d r i v e r  keeps g e n e r a t i n g  b y t e s  even 
though i t  has no t r a n s a c t i o n s  i n  opera t i on .  

F i g u r e  5.4 de f i nes ,  i n  t h e  t o p  h a l f ,  t h e  t i m i n g  r e l a t i o n s h i p s  a t  a D-port .  
T h i s  shows t h a t  t h e  d a t a  must be c locked  i n  a p e r i o d  around t h e  0+1 c l o c k  
t r a n s i t i o n  and can be between 10% o f  t h e  minimum c l o c k  c y c l e  t i m e  before,  up t o  
20% a f t e r  t h e  t r a n s i t i o n .  Thus i t  f o l l o w s  t h a t  t h e  1+0 t r a n s i t i o n  d e f i n e s  
t h e  s t a r t  o f  a new c l o c k  p e r i o d  as i n  t h e  lower  diagram, when, f o r  a s h o r t  

0 
a 
I- 
3 a n  
z 
-0 

' ( 0 )  DATA EXTRACTION 
I N  T E R VA L 

"0" 
( b )  INPUT CLOCK 

F i g .  5.4. 
T iming o f  c l o c k  and d a t a  s i g n a l s  a t  D-ports.  
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t ime, t h e  d a t a  l i n e s  can change. It w i l l  a l s o  be seen t h a t  t h e  c l o c k  mark- 
space r a t i o  i s  d e f i n e d  a t  t h e  d r i v e r  p o r t  t o  be no worse than 6:4, whereas t h e  
r e c e i v e r  p o r t  must be ab le  t o  cope w i t h  a 3: l  r a t i o .  Also, t h e  d i f f e r e n t i a l  
de lay  parameters between i n p u t  and o u t p u t  must n o t  exceed 5% o f  t h e  minimum 
c l o c k  c y c l e  t ime. The remainder o f  t h e  degradat ion  i s  an al lowance f o r  t h e  
t r a n s m i s s i o n - l i n e  e f f e c t s .  A l l  t h i s  i s  necessary t o  ensure t h a t  e v e r y t h i n g  on 
t h e  highway w i l l  work r e l i a b l y .  

5.5 Data a t  t h e  D-Dort 

P i n s  are  d e f i n e d  a t  t h e  D-port  f o r  1 b i t - s e r i a l  s i g n a l  t w i s t e d  p a i r  o r  
8 b y t e - s e r i a l  s i g n a l  t w i s t e d  p a i r s ,  as w e l l  as a c l o c k - t w i s t e d  p a i r .  These 
p i n s  a re  shown assigned i n  Table 5.3. A lso shown are  two f ree-use bus p a i r s ,  
which a r e  s imply  connected through t h e  c o n t r o l l e r  w i t h o u t  any i n t e r n a l  connec- 
t i o n ,  a ground, bypass, and loop c o l l a p s e  c o n t r o l ,  o f  which more l a t e r .  

F i g u r e  5.5 shows t h e  use o f  t h e  f r e e  bus l i n e s  t o  t u r n  a s e r i a l  highway 
around and back t o  t h e  d r i v e r  through t h e  same cable.  Wi th  o n l y  two bus l i n e s ,  
t h i s  i s  l i m i t e d  t o  b i t  s e r i a l  systems and i t  r a i s e s  another r e s t r i c t i o n .  

The s i g n a l  i s  regenerated i n  each 
c o n t r o l l e r  i n  t h e  system when con- 
nected i n  a loop, so t h a t  t h e  maximum 
loop l e n g t h  can be somewhat g r e a t e r  
than t h e  maximum s i n g l e  hop p o s s i b l e  
between RS 422 t r a n s m i t t e r s  and 
rece ivers ,  g i v e n  t h e  p a r t q c u l a r  c a b l e  
and environment. I f  Bus 1 and 2 a r e  
used, then t h e  t o t a l  c a b l e  l e n g t h  i s  
now l i m i t e d  t o  t h e  maximum s i g n a l  hop, 
because t h e  s i g n a l  i s  n o t  regenerated 
on Bus 1 and 2. 

5.6 The Bytes o f  t h e  S e r i a l  Highway - 

F i g u r e  5.6 shows a breakdown o f  
t h e  types  o f  by tes  on t h e  s e r i a l  h igh-  
way. These w i l l  be d e a l t  w i t h  one by 

SINGLE-CABLE 
TURN- AROUND SH 
CONNECTION CONNECTION 

BIT - 
SERIAL 
DATA 

B I T -  
CLOCK 

I I 

F i g .  5.5 
Example o f  t h e  use o f  BUS 1 and BUS 2 
c o n t a c t s  a t  D-ports.  
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Table 5.3 

D-Input Connector 

C i r c u i t  ground ( E a r t h )  

Bus 1 Free use 

B i t  s e r i a l  d a t a  

By te  s e r i a l  B i t  2 

By te  s e r i a l  B i t  3 

By te  s e r i a l  B i t  4 

By te  s e r i a l  B i t  5 

By te  s e r i a l  B i t  6 

B y t e  s e r i a l  B i t  7 

By te  s e r i a l  MSB 

Bus 2 Free use 

B i t / b y t e  c l o c k  

Bypass c o n t r o l  

Reserved f o r  c o n t r o l  

NOTE: ( 1 )  Each ba lan  

or Byte  s e r i a l  LSB 
i n  
i n  

i n  

i n  

i n  

i n  

i n  

i n  

i n  

i n  

s i g n a l  

Contact  

1 

2 
3 

4 
5 

6 
7 

a 
9 

10 
11 

12 
13 

14 
15 

16 
17 

18 
19 

20 
21 

22 
23 

24 

25 

CONTACT ASSIGNMENTS FOR D-PORT CONNECTORS 

D-Output Connector 

C i r c u i t  ground ( E a r t h )  

Bus 1 Free use 

B i t  s e r i a l  d a t a  o u t  
o r  By te  s e r i a l  LSB o u t  

By te  s e r i a l  B i t  2 o u t  

By te  s e r i a l  B i t  3 o u t  

By te  s e r i a l  B i t  4 o u t  

By te  s e r i a l  B i t  5 o u t  

By te  s e r i a l  B i t  6 o u t  

By te  s e r i a l  B i t  7 o u t  

Byte s e r i a l  MSB o u t  

Bus 2 Free use 

B i t / b y t e  c l o c k  

Bypass c o n t r o l  

Loop-col lapse c o n t r o l  

u t  occupies a p a i r  o f  con tac ts .  
n a l  A, c a r r y i n g  Signal .  

( 3 )  The odd-numbered c o n t a c t  i s  Terminal  B, c a r r y i n g  S igna l .  

1 i n p u t  o r  u t  
( 2 )  The even-numbered c o n t a c t  i s  Tern 

ed-siqn 

ou t  
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ALL BYTES 

PREVIOUS BIT BYTE 7 0 
/\{:US B I T 7 1 1  PREW+O/ BIT 7 = 0 \p BIT 7 - 1 

I 
END BYTES 

/ \\ 
WAIT BYTE 
11100000 

COMMAND "/ REPLY 
OR 

DEMAND 
MESSAGE 

PREVIOUS 
BYTE 

TRUNCATED 
COMMAND 

\ 

\ 
END-BYTE END SUM BYTE END BYTE 
111OOOOO PIPPPPPP PIXXXXXX 

I 
MESSAGE BYTE 

COMMAND 
TEXT 

BETWEEN '\ AND SUM 

END 
BYTES 

\ 
SUM BYTE SPACE BYTE 
POPPPPPP 101 11 11 1 

HEADER BYTE 
Pocccccc  

ALL 
OTHER 

\ 
NOTE P -PARITY BIT, ODD BYTE MRITY,  EVEN COLUMN PARITY. C =CRATE NUMBER BITS 

F ig .  5.6. 
The by tes  o f  t h e  s e r i a l  highway. 

one below, b u t  s u f f i c i e n t  t o  no te  here i s  t h a t  t h e  p r i m a r y  i n f o r m a t i o n  i s  con- 
t a i n e d  i n  t h e  two u n d e r l i n e d  by tes  on t h e  f a r  r i g h t ,  t h e  header b y t e  and t h e  
t e x t  byte.  A l l  t h e  remain ing by tes  are  associated w i t h  synchron iza t ion  and 
e r r o r  d e t e c t i o n .  

5.6.1 D e l i m i t e r  Bytes. 
n o n d e l i m i t e r  by tes  w i l l  have 7=0, 

These are  d e f i n e d  t o  have B i t  7=1 and converse ly  
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5.6.2 END I_- Byte. T h i s  d e l i m i t e r  b y t e  i s  generated by t h e  s e r i a l  d r i v e r  
t o  t e r m i n a t e  a complete command message, i n  which case 11100000 must be gener- 
ated. I t i s  a l s o  generated by t h e  addressed c o n t r o l l e r  t o  t e r m i n a t e  a t r u n -  
ca ted  command message. B i t  8 o f  an END b y t e  must conserve odd b y t e  p a r i t y .  
A l l  unaddressed c r a t e  c o n t r o l l e r s  must r e t r a n s m i t  rece ived END bytes.  The 
addressed c o n t r o l l e r  must e i t h e r  r e t r a n s m i t  t h e  rece ived END b y t e  o f  t h e  com- 
mand message o r  r e p l a c e  i t  by an ENDSUM byte.  

5.6.3 WAIT Byte.  T h i s  d e l i m i t e r  b y t e  i s  generated bo th  by t h e  s e r i a l -  
highway d r i v e r  and by t h e  addressed c o n t r o l l e r s .  The s e r i a l  d r i v e r  may gener- 
a t e  WAIT by tes  between successive command messages. The addressed c o n t r o l l e r  
rep laces  c e r t a i n  command sequence i n p u t  b y t e s  w i t h  WAIT bytes.  These by tes  are 
those between t h e  END b y t e  o f  t h e  t r u n c a t e d  command message and t h e  header b y t e  
o f  t h e  r e p l y  message. Also, WAIT by tes  are s u b s t i t u t e d  f o l l o w i n g  t h e  ENDSUM 
b y t e  o f  t h e  r e p l y  message up t o  and i n c l u d i n g  t h e  END b y t e  o f  t h e  command 
sequence, i f  such a gap i n  t i m e  e x i s t s .  WAIT by tes  must have t h e  b i t  p a t t e r n  
11100000. T h i s  i s  t h e  same p a t t e r n  as t h e  END byte,  b u t  t h e  c o n t e x t  i s  d i f f e r -  
e n t  as F i g .  5.6 shows. The END b y t e  i s  always preceeded by a n o n d e l i m i t e r  
by te ;  t h e  WAIT b y t e  i s  always preceded by a d e l i m i t e r  byte,  sometimes an END 
byte.  T h i s  p a t t e r n  o f  b i t s  has been d e f i n e d  t o  a i d  i n  e s t a b l i s h i n g  b y t e  syn- 
c h r o n i z a t i o n .  Together w i t h  s t a r t  and s top  b i t s ,  t h e  p a t t e r n  i s  1111000000; 
t h a t  i s ,  t h e r e  i s  a s i n g l e  1+0 t r a n s i t i o n  i n  t h e  b y t e  and one 0+1 t r a n s i -  
t i o n  t h a t  u n i q u e l y  i n d i c a t e s  t h e  beg inn ing  o f  t h e  s t a r t  b i t .  

5.6.4 ENDSUM Byte. T h i s  d e l i m i t e r  b y t e  i s  generated by t h e  addressed 
c o n t r o l l e r  t o  t e r m i n a t e  each r e p l y  o r  demand message. The co lumn-par i ty   field 
( B i t s  1 - 6) conserves even column p a r i t y  from t h e  header b y t e  up t o  and 
i n c l u d i n g  t h i s  ENDSUM byte.  The d e l i m i t e r  b i t  i s  a t  Log ic  1 and B i t  8 con- 
serves odd b y t e  p a r i t y .  

5.6.5 SUM Byte. T h i s  n o n d e l i m i t e r  b y t e  i s  generated i n  t h e  s e r i a l  d r i v -  
e r  i n  t h e  command message. It f o l l o w s  t h e  l a s t  TEXT b y t e  and serves, i n  
B i t s  1 - 6, t o  conserve even column p a r i t y  from t h e  header b y t e  up t o  and 
i n c l u d i n g  t h i s  SUM byte.  The d e l i m i t e r  b i t  i s  a t  Log ic  0 and B i t  8 m a i n t a i n s  
odd b y t e  p a r i t y .  
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5.6.6 SPACE Byte. T h i s  n o n d e l i m i t e r  b y t e  i s  generated i n  a sequence by 
t h e  s e r i a l  d r i v e r  between t h e  SUM and END b y t e  o f  a command sequence. These 
by tes  p r o v i d e  t h e  t i m e  t o  c a r r y  o u t  t h e  CAMAC ( o r  o t h e r )  o p e r a t i o n  and t h e  
space f o r  t h e  r e p l y  message, t o g e t h e r  termed t h e  r e p l y  space. C l e a r l y ,  t h e  
space r e q u i r e d  i s  a f u n c t i o n  o f  whether t h e  highway i s  o p e r a t i n g  i n  b i t  o r  b y t e  
mode and i t s  c l o c k  speed. Bo th  o f  t hese  a re  determined a t  t h e  s e r i a l  d r i v e r  
(and f o r  t h e  mode a t  t h e  c o n t r o l l e r s  as w e l l ) ;  thus,  i t  has a l l  t h e  i n f o r m a t i o n  
necessary t o  i n s e r t  s u f f i c i e n t  SPACE bytes.  The d e l i m i t e r  b i t  must be L o g i c  0 
and B i t  8 must conserve odd b y t e  p a r i t y .  It i s  recommended t h a t  t h e  SPACE b y t e  
be 101 11 11 1. However, t h e  addressed c o n t r o l  l e r  t h a t  i s  expec t i ng  SPACE by tes  
i n  t h e  r e p l y  space must accept any n o n d e l i m i t e r  b y t e  as a s u b s t i t u t e  f o r  a 
SPACE by te .  These s u b s t i t u t e s  need n o t  conserve odd p a r i t y .  

5.6.7 HEADER Byte.  T h i s  i s  t h e  f i r s t  b y t e  o f  any message t h a t  has 
B i t  7=0, B i t  8 conserves odd b y t e  p a r i t y ,  and B i t s  1-6 d e f i n e  t h e  addressed 
c o n t r o l l e r  ( o r  c r a t e )  o r  t h e  o r i g i n a t i n g  c o n t r o l l e r  i n  t h e  case o f  demand o r  
r e p l y  messages. 

5.6.8 TEXT Byte.  These n o n d e l i m i t e r  by tes  a re  t h e  body o f  t h e  message 
between a HEADER b y t e  and e i t h e r  a SUM o r  ENDSUM byte.  

5.7 S e r i a l  Messages 

Having looked a t  a l l  t h e  k i n d s  o f  by tes  t h a t  can be on t h e  s e r i a l  highway, 
how a re  these  used and why a re  so many d i f f e r e n t  k i n d s  needed? There a re  f o u r  
def ined t ypes  o f  messages t o  be found on t h e  s e r i a l  highway: command, t r u n -  
c a t e d  command, r e p l y ,  and demand. Only  one k i n d  i s  generated by t h e  s e r i a l  
d r i v e r ,  t h e  command message. I n  normal ope ra t i on ,  t h e  s e r i a l  d r i v e r  never 
r e c e i v e s  t h i s  message, b u t  i n s t e a d  r e c e i v e s  a t r u n c a t e d  command message and a 
r e p l y  message f r o m  t h e '  addressed c o n t r o l l e r .  F i n a l l y ,  as a r e s u l t  o f  an 
unmasked LAM i n  a c o n t r o l l e r ,  t h a t  c o n t r o l l e r  can i n s e r t  a demand message i n t o  
t h e  b y t e  stream f l o w i n g  th rough  it. 

5.7.1 The Command-Reply Sequence. A command message i s  sent  t o  t h e  p a r -  
t i c u l a r  c o n t r o l l e r  i n  t h e  fo rma t  shown i n  F i g .  5.7. L a i d  o u t  as a message i n  
t h i s  way, i t  shows t h e  f u n c t i o n  of t h e  d e l i m i t e r  b i t .  The f i r s t  b y t e  i s  t h e  
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c r a t e  address i n  t h e  header byte.  T h i s  b y t e  w i l l  a l r e a d y  be b e i n g  r e t r a n s m i t -  
t e d  by t h e  c o n t r o l l e r  when i t  recognizes t h a t  i t  i s  be ing  addressed. The s e r i -  
a l  highway s p e c i f i c a t i o n  recommends t h a t  t h e  addressed c o n t r o l l e r  t r a n s m i t  an 
end b y t e  f o l l o w e d  by w a i t  b y t e s  i n  p l a c e  o f  t h e  remain ing by tes  o f  t h e  command 
message. Th is  i s ,  however, mandatory on t h e  L-2 c r a t e  c o n t r o l l e r .  The M I  
f i e l d  i s  t o  a i d  message i d e n t i f i c a t i o n  and F i g .  5.8 shows t h a t ,  f o r  a command 
message, these 2 b i t s  a re  zero. The f i r s t  4 b y t e s  o f  t h e  message d e f i n e  t h e  
c r a t e ,  sub-address, f u n c t i o n ,  and s t a t i o n  number. Fo r  w r i t e  ope ra t i ons ,  t h e r e  
f o l l o w s  4 d a t a  b y t e s  and t h e n  t h e  SUM byte.  If t h e  b y t e  and column p a r i t y  a r e  
i n  order ,  and t h e  c r a t e  i s  o n - l i n e  ( u n l e s s  addressed t o  an i n t e r n a l  f e a t u r e  o f  
t h e  c o n t r o l l e r ) ,  and t h e  c o n t r o l l e r  i s  n o t  i n  t h e  bypassed s t a t e  (see l a t e r )  
and t h e  M I  f i e l d s  a r e  c o r r e c t ,  t hen  t h e  o p e r a t i o n  i s  c a r r i e d  o u t  and a r e p l y  
sent  i n  t h e  space p r o v i d e d  by t h e  SPACE bytes.  

MSB L SB 
8 7 6 5 4 3 2 1  

HEADER BYTE 

WRITE DATA 

REPLY SPACE 

DELIMITER BITS t BYTE-PARITY B ITS 

F i g .  5.7. 
Command message: f i e l d  assignments. 

MSB L S B  
8 7 6 5 4 3 2 1  

b 0 S C 3 2  ScI  HEADER BYTE 
1 1 1 9  

SA1 BYTE 2 

b 0 I SF16 SFI  BYTE 3 

b 0 I SN16 SNI BYTE 4 

SUM BYTE 

SPACE 
BYTES 

b =  Odd Byte  - P a r i t y  B i t s  
c = Even Column - P a r i t y  B i t s  * B y t e s  5,6,7,8 included i f  SF16.I &SF8=0 

F i g .  5.8. 
Command message: b i t  assignments. 
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Figures  5.9 and 5.10 show t h e  b i t  and f i e l d  assignments o f  t h e  t r u n c a t e d  

F igures  5.11 and 5.12 show t h e  b i t  and f i e l d  assignments f o r  t h e  r e p l y  
message. Note t h a t  t h i s  c o n t a i n s  t h e  addressed c r a t e  number as t h e  f i r s t  byte;  
indeed, t h i s  i s  a repeat  o f  t h e  command message header b y t e  by d e f i n i t i o n .  The 
second b y t e  c o n t a i n s  t h e  M I  b i t s  s e t  t o  01, and t h e  s t a t u s  o f  t h e  o p e r a t i o n  i s  
i n  t h e  remainder o f  t h e  byte.  SQ and SX a r e  t h e  CAMAC response l i n e s ,  except 
t h a t  i f  t h e  c o n t r o l l e r  i s  o f f - l i n e  o r  bypassed, t h e  o p e r a t i o n  i s  n o t  c a r r i e d  
out,  and t h e  s t a t u s  i n  t h e  r e p l y  message i s  s e t  t o  SX=O and SQ=O i f  t h e  c r a t e  
i s  o f f - l i n e  and SQ=1 i f  i t  i s  bypassed. 

The ERR b i t  w i l l  be covered i n  more d e t a i l  l a t e r ,  b u t  b a s i c a l l y  i t  i n d i -  
c a t e s  t h a t  t h e r e  was some f o r m  o f  t r a n s m i s s i o n  e r r o r  de tec ted  by t h e  addressed 

command message. Note t h a t  t h i s  message has no column p a r i t y .  

0 

0 

0 

0 

MSB L S B  
8 7 6 5 4 3 2 1 7  

l I I . 1  I 

R E A D  D A T A  

R E A D  D A T A  

R E A D  D A T A  

R E A D  D A T A  

I 

b 0 SC32 SCI HEADER BYTE 
I I 1 1 1  

1 

F i g .  5.9. 
Truncated command message: b i t  ass ign-  
ment s. 

READ DATA 
’ ( i f  required) 

MSB L S B  
8 7 6 5 4 3 2 1  

b 0 SC32 

1 ,  

b I 0 ISR12 “ ‘ 1  SR 7 

HEADER BYTE 

B Y T E  2 

B Y T E  3 *  

B Y T E  43c 

B Y T E  5 *  

ENDSUM BYTE 

F i g .  5.11. 
Reply  message: b i t  assignments. 

HEADER B Y T E  

END B Y T E  

 DELIMITER BITS t BYTE - PARlT Y BITS 

F i g .  5.10. 
Truncated command message: f i e l d  
assignments. 

, 7 -  -1 1 . 
C O L U M N - P A R I T Y  

CDELIM~TER B I T S  t BYTE - PARITY BITS 

F i g .  5.12. 
Reply message: f i e l d  assignments. 
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c o n t r o l l e r .  The DERR, Delayed E r r o r ,  i s  t h e  e r r o r  b i t  o f  t h e  p r e v i o u s  r e p l y  
message generated by  t h e  c o n t r o l l e r ,  t h e  use o f  which we w i l l  see l a t e r .  Nat- 
u r a l l y ,  t h e  r e p l y  message f o r  read o p e r a t i o n s  w i l l  a l s o  c o n t a i n  t h e  d a t a  read; 
f i n a l l y ,  an ENDSUM b y t e  d e l i m i t s  t h e  message and p r o v i d e s  column p a r i t y .  

F i g u r e s  5.13 and 5.14 show t h e  b i t  and f i e l d  assignments o f  t h e  demand 
message. The header b y t e  i d e n t i f i e s  t h e  c r a t e  r e p o r t i n g  t h e  LAM, whereas 
Byte 2 has t h e  M I  f i e l d ,  i n  t h i s  case o n l y  B i t  6 ,  s e t  t o  a 1 t o  i d e n t i f y  t h i s  
as a demand message. I n  b o t h  t h e  command and r e p l y  M I  f i e l d ,  B i t  6=0. The 
remain ing 5 b i t s  o f  By te  2 c o n t a i n  i n f o r m a t i o n  t o  i d e n t i f y  t h e  i n d i v i d u a l  CAMAC 
p l u g - i n .  The message i s  completed w i t h  an ENDSUM b y t e  t o  p r o v i d e  t h e  column 
p a r i t y  and t o  d e l i m i t  t h e  message. 

Now l e t  us l o o k  a t  how these  messages work t o g e t h e r  around t h e  s e r i a l  
highway. F i g u r e  5.15 shows a command-reply sequence f o r  a CAMAC c o n t r o l  opera- 
t i o n .  On t h e  l e f t  i s  t h e  sequence o f  b y t e s  pumped o u t  by t h e  s e r i a l  highway 
d r i v e r .  Each c o n t r o l l e r  on t h e  system examines t h e  f i r s t  n o n d e l i m i t e r  byte,  
f o l l o w i n g  one o r  more d e l i m i t e r  bytes,  t o  see i f  i t s  c o n t r o l l e r  address i s  t h e  
header byte.  If i t  i s  not,  t h e  c o n t r o l l e r  remembers t h a t  a message i s  now 
pass ing  th rough  u n t i l  i t  sees t h e  n e x t  d e l i m i t e r  byte.  If t h e  address does 
match, t h e  c o n t r o l l e r  completes t h e  r e t r a n s m i s s i o n  o f  t h e  header b y t e  and then  
reads i n  t h e  r e s t  o f  t h e  message, check ing p a r i t y ,  b o t h  row and column, as i t  
does. I n  p l a c e  o f  t h e  incoming message, f i r s t  an END b y t e  i s  t r a n s m i t t e d  and 
t h e n  WAIT bytes.  T h i s  i s  shown i n  t h e  b l o c k  on t h e  r i g h t - h a n d  s i d e  o f  t h e  
f i g u r e .  Once t h e  SUM b y t e  has been r e c e i v e d  and checked, t h e  c o n t r o l l e r  can 
go ahead and pe r fo rm t h e  CAMAC ope ra t i on .  AT t3 o f  t h e  CAMAC c y c l e  (see 
F ig:  2.16), t h e  c o n t r o l l e r  can c l o c k  t h e  r e s u l t  o f  t h e  CAMAC c y c l e ,  i n  t h i s  

M S B  L S R  MSR L S R  
8 7 6 5 4 3 2 1  8 7 6 5 4 3 2 1  

b 0 sc32  
1 1 1 1 .  

c D E L I M I T E R  B ITS t B Y T E  - P A  R I T  Y B I T S  

F i g .  5.13. F ig .  5.14. 
Demand message: b i t  assignments. Demand message: f i e l d  assignments. 
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1 ! Delimiter 

0 H E A D E R  

0 SUB-  ADDRESS 

0 F U N C T I O N  

0 STATION NUMBER 

0 S U M  

r 

COMMAND 
MESSAGE 

0 

 COMMAND 
TEXECUTED 

S P A C E  

0 

0 

S P A C E  
EXCESS 

S P A C E  # Y SPACE 
[ B Y T E S  

I 

Received by Addressed SCC 

\-+J-%+ 
WAIT * 

I I I I E N D S U M  I I  
! I I I W A I T  # I 

WAIT 

? I Header or WAIT 

Transmitted by Addressed SCC 

TRUNCATED 
COMMAND 
MESSAGE 

, REPLY 
MESSAGE 

F i g .  5.15. 
Command-Reply sequence: c o n t r o l  opera t ion .  

case Q and X, and can s t a r t  t o  t r a n s m i t  t h e  r e p l y  message. F i n a l l y ,  excess 
SPACE by tes  and t h e  END b y t e  are rep laced w i t h  WAIT by tes  by t h e  addressed 
c o n t r o l l e r .  The s e r i a l  highway d r i v e r  then sees back t h e  t r u n c a t e d  command 
message, which i t  can ignore,  f o l l o w e d  by some WAIT by tes  and t h e n  t h e  r e p l y  
message. When t h e  ENDSUM b y t e  o f  t h e  r e p l y  message i s  rece ived by t h e  s e r i a l  
d r i v e r ,  t h e  t r a n s a c t i o n  i s  complete. 

F i g u r e  5.16 shows t h e  command-reply sequence f o r  a read operat ion.  The 
d i f f e r e n c e  here i s  t h a t ,  as d a t a  i s  invo lved,  t h e  message sequence i s  4 b y t e s  
l o n g e r - - i n  t h e  r e p l y  message i n  t h i s  case. I n  a l l  o t h e r  respects ,  t h i s  opera- 
t i o n  i s  t h e  same as i n  t h e  prev ious  example. 

One can see here  t h e  advantage of s tandard CAMAC f u n c t i o n  codes i n  t h a t  
t h e  s e r i a l  highway d r i v e r  need o n l y  examine 2 b i t s  of t h e  f u n c t i o n  code t o  
determine t h e  t y p e  of command t o  send o u t  and t h e  t y p e  o f  r e p l y  t o  expect. 
T h i s  i s  shown i n  Table 5.4, which shows t h e  l e n g t h  o f  command and r e p l y  mes- 
sages f o r  t h e  t h r e e  types o f  CAMAC o p e r a t i o n  and a l s o  shows t h e  va lues of t h e  
r e l e v a n t  f u n c t i o n  b i t s .  The f i n a l  column shows t h e  minimum command-reply 
t r a n s a c t i o n ;  however, t h i s  t y p i c a l l y  expands f o r  t h e  f a s t e r  s e r i a l  highways, as 
more by tes  are needed t o  a l l o w  t i m e  f o r  t h e  CAMAC o p e r a t i o n  i n  t h e  c r a t e .  The 
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--r----------- 

TRUNCATED 

MESSAGE 
co M M nN D 

COMMAND 
MESSAGE 

REPLY 
MESSAGE 

Received by Addressed SCC Transmitted by  Addressed SCC 

Fig .  5.16. 
Command-Reply sequence: read opera t ion .  

Table 5.4 

LENGTH OF COMMAND-REPLY TRANSACTIONS 

Number o f  Bytes 

COMMAND f rom REPLY f r o m  
F u n c t i o n  F i e l d  Header t o  Header t o  COMMAND- 

SUM ENDSUM REPLY 
Opera t ion  - F16 - F8 I n c l u s i v e  I n c  1 u s i  ve Trans a c t  i on -- 

Re ad 0 0 5 
0 1 

C o n t r o l  5 
1 1 

W r i t e  1 0 9 

7 1 2a 

3 aa 

3 12a 

dMinimum length,  assuming t h a t  Reply Header i s  t r a n s m i t t e d  by SCC as f i r s t  
SPACE b y t e  i s  received,  and ENDSUM i s  t r a n s m i t t e d  as END b y t e  i s  received.  
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number inser ted  i s  a s e t t i n g  i n  the  
branch d r i v e r  and i s  usua l l y  g iven i n  
t h e  i n s t r u c t i o n s  f o r  the  d r i v e r ' s  
operat ion.  Table 5.5 summarizes t h e  
use o f  t h e  M I  f i e l d  i n  i d e n t i f y i n g  the  
type o f  message. I n  the  demand mes- 

Table 5.5 

CONTENTS OF MESSAGE 
I D E N T I F I C A T I O N  FIELD 

M I - f  i e l d  
sage, M I  can be e i t h e r  1 o r  0 because, 
as f o r  t h i s  message, i t  forms p a r t  o f  
t h e  SGL f i e l d .  

MESSAGE 

Command 

Reply 
5.7.2 Demand-Message Generation. Demand 

I n  t h e  command-reply t ransact ion,  t h e  
addressed c o n t r o l l e r  responds t o  the  
orders o f  t he  s e r i a l  highway d r i v e r ;  
therefore,  t he  d r i v e r  knows exac t l y  t he  k ind  o f  messages t o  expect and when. 
Demand messages are generated q u i t e  asynchronously o f  t he  operat ion o f  t h e  
d r i v e r  and are i nse r ted  i n t o  the  byte stream by the  c o n t r o l l e r .  I f  the  cu r ren t  
by te  going through i s  a WAIT byte, t h e  c o n t r o l l e r  can rep lace  t h a t  w i t h  t h e  
f i r s t  byte o f  a demand message. However, the  c o n t r o l l e r  cannot know i f  the  
next  2 bytes a lso  w i l l  be WAIT bytes; i f  they  are not, how does t h e  c o n t r o l l e r  

M1 
c 

M2 - 
0 0 
0 1 
1 - 

t ransmi t  3 o r  4 bytes i n  a space intended f o r  on l y  2? 

c o n t r o l l e r  can i n i t i a t e  a demand message: 
F i r s t ,  l e t  us look a t  t h e  cond i t i ons  t h a t  need t o  be s a t i s f i e d  before t h e  

e Demand-message generat ion must be enabled, s i g n i f i e d  by t h e  appro- 
p r i a t e  b i t  i n  t h e  c o n t r o l l e r .  
A demand i s  present t h a t  has e i t h e r  appeared s ince t h e  l a s t  demand 
message was t ransmi t ted  by t h e  c o n t r o l l e r  o r  was present when t h e  
c o n t r o l l e r  changed t o  the  demand-enabled stage. 
The c o n t r o l l e r  i s  ab le t o  accept 3 incoming bytes w h i l e  generat ing 
a demand message. 

0 The prev ious by te  t ransmi t ted  a t  t he  output  p o r t  was a d e l i m i t e r  
byte. 

The f i r s t  requirement i s  q u i t e  c lea r .  The second means i n  p r a c t i c e  t h a t  
t h e  Demand Message I n i t i a t e  Signal  presented a t  t h e  SGL-encoder socket (see 
l a t e r )  on t h e  r e a r  o f  t h e  c o n t r o l l e r  should be a Log ica l  1 w i t h  a 0+1 t ran- 
s i t i o n  i n d i c a t i n g  t h e  appearance o f  a new demand. 

e 
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The t h i r d  p o i n t  i n d i c a t e s  how a c o n t r o l l e r  i n s e r t s  a demand message i n t o  
t h e  b y t e  stream w i t h o u t  t h e  r i s k  o f  c o r r u p t i n g  another message. I n  p r a c t i c e ,  
each c o n t r o l l e r  has a 3-byte d e l a y  r e g i s t e r  b u i l t - i n  i n  which i t  assembles t h e  
demand message. As soon as i t  f u l f i l l s  t h e  above c o n d i t i o n s ,  i t  swi tches i n  
t h e  3-byte delay, t h u s  t r a n s m i t t i n g  t h e  demand message and s t o r i n g  up incoming 
bytes.  F i g u r e  5.17 shows b e f o r e  and a f t e r  p a t t e r n s  f o r  two cases. I n  t h e  
f i r s t  case, WAIT by tes  happen t o  be i n  t h e  message stream j u s t  as t h e  demand 
message i s  t ransmi t ted ,  so t h a t  t h e  f o l l o w i n g  message i s  n o t  d i s p l a c e d  a t  a l l  
i n  t h e  message stream. I n  t h e  second case, t h e  above c o n d i t i o n s  a r e  met by t h e  
d e l i m i t e r  byte, which i s  t h e  l a s t  b y t e  o f  Message 1. I n  t h a t  case, t h e  3-byte 
delay,  w i t h  i t s  demand message, i s  switched i n  a f t e r  t h i s  d e l i m i t e r  byte,  so 
t h a t  t h e  second message i s  delayed by those 3 bytes.  Th is  shows how a demand 
message can e x a c t l y  f i t  between e x i s t i n g  messages on t h e  highway. The second 
t h i n g  shown by t h i s  example i s  t h a t  t h e  3-byte de lay  i s  switched o u t  o f  t h e  
s e r i a l  loop as soon as t h e  c o n t r o l l e r  has t r a n s m i t t e d  a d e l i m i t e r  byte,  and t h e  
3 by tes  i n  t h e  de lay  r e g i s t e r s  a re  a l l  WAIT bytes.  

T h i s  need t o  c l e a r  t h e  3-byte de lays  f o r  demand messages i l l u s t r a t e s  t h e  
importance o f  t h e  s e r i a l  highway d r i v e r  pumping around WAIT by tes  when i t  has 
no CAMAC opera t ions  t o  perform. T h i s  i s  so t h a t  demand messages can be sent, 
and t h e  delays can be swi tched back out .  

A more compl icated i 1 l u s t r a t i o n  o f  command-reply messages and demands i n 
a t h r e e - c r a t e  system i s  shown i n  F ig .  5.18. The f i g u r e  i l l u s t r a t e s  what by tes  
and messages are  passed on each o f  t h e  f o u r  s e c t i o n s  o f  t h e  s e r i a l  highway. 
I n  essence t h e  s e r i a l  d r i v e r  sends ou t  a command message w i t h  more than t h e  
minimum r e p l y  space. T h i s  message i s  f o l l o w e d  by WAIT bytes. J u s t  a f t e r  t h e  
message has passed th rough S e r i a l  Crate C o n t r o l l e r  (SCC) 1, a LAM a r i s e s  i n  
t h a t  c r a t e  and, because t h e  prev ious  b y t e  t r a n s m i t t e d  was a d e l i m i t e r  byte,  i t  
i s  immediate ly  i n s e r t e d  i n t o  t h e  message stream. The cross-hatched columns 
i n d i c a t e  when each SCC can i n s e r t  a demand message. As soon as t h e  demand 
message i s  t ransmi t ted ,  t h e r e  are  3 WAIT by tes  i n  t h e  3-byte de lay  o f  SCC-1; 
t h e r e f o r e ,  i t  i s  immediate ly  switched o u t  o f  c i r c u i t .  

SCC-2 r e c e i v e s  t h e  command and s t r i p s  o f f  a l l  b u t  t h e  header byte.  It 
then i n s e r t s  WAIT by tes  u n t i l  i t s  r e p l y  i s  ready. A f t e r  t h e  ENDSUM b y t e  o f  t h e  
r e p l y ,  i t  rep laces  t h e  remain ing SPACE bytes o f  t h e  incoming command message 
w i t h  WAIT bytes. A LAM then a r i s e s  i n  SCC-2, where i t  can be t r a n s m i t t e d  
immediate ly  by SCC-2s s w i t c h i n g  i n  a 3-byte delay.  However, once t h e  demand 
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message i s  t r a n s m i t t e d ,  t h e  3-byte de lay  c o n t a i n s  1 WAIT b y t e  and t h e  f i r s t  2 
b y t e s  o f  SCC-1s demand message. I t  i s  n o t  u n t i l  SCC-2 has j u s t  t r a n s m i t t e d  
t h e  ENDSUM b y t e  t h a t  t h e  de lay  c i r c u i t  c o n t a i n s  3 WAIT by tes  and s a t i s f i e s  t h e  
c o n d i t i o n  f o r  i t  t o  be swi tched o u t  o f  c i r c u i t .  

F i n a l l y ,  F i g .  5.18 i l l u s t r a t e s  how SCC-3 can i n s e r t  a demand message i n  
t h e  space t h a t  was f o r m a l l y  t h e  command message t o  SCC-2.  As f o r  t h e  f i r s t  
demand message, as soon as t h e  message i s  t r a n s m i t t e d ,  t h e  3-byte d e l a y  con- 
t a i n s  3 WAIT by tes  and so can be swi tched o u t  o f  c i r c u i t .  

,-e D I S T A  N C E 

T 
I 

M 
E 

l o  ! 
I COMMAND I 1 T O S C C  2 

I !  

E N D S U M  I I r -END SUM- 

I I  I !  I I  
' I WAIT I I W A I T  

N O T E S :  I. PROPOGATION DELAYS ASSUMED TO B E  ZERO. 
2 CROSS-HATCHED A R E A S  INDICATE SCC D E M A N D  AND COMMAND RESPONSE E N A B L E D .  
3 .  D E M A N D  F R O M  SCC I IS D E L A Y E D  BY 3 - B Y T E  D E L A Y  I N  S C C  2. 

F ig .  5.18 
Example o f  message sequence i n  a l oop  hav ing t h r e e  SCCs, showing demand mes- 
sages i n  t h r e e  con tex ts .  (See Sec. 5 ) .  
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Thus t h e  s e r i a l  d r i v e r  r e c e i v e s  a demand message f rom SCC-3 as i t  i s  s t i l l  
t r a n s m i t t i n g  t h e  command message t o  SCC-2, t h e r e  be ing  a maximum o f  a 3-byte 
d e l a y  i n  t h e  s e r i a l  loop, I t  i s  easy t o  see how t h e  t r a n s m i t t i n g  and r e c e i v i n g  
s e c t i o n  o f  a s e r i a l  d r i v e r  need be o n l y  l o o s e l y  in te rconnected  c i r u i t s !  How- 
ever, t h e  c o n s t r u c t i o n  o f  a s e r i a l  d r i v e r  i s  o u t s i d e  t h e  scope o f  t h i s  work. 

5.8 Bypass and Loop Col lapse 

The standard r e q u i r e s  t h a t  t h e  s t a t u s  r e g i s t e r  i n  any s e r i a l  c o n t r o l l e r  
have two b i t s  t o  c o n t r o l  two o u t p u t s  o f  t h e  D-port.  B i t  12 o f  t h e  s t a t u s  
r e g i s t e r  i s  t h e  bypass b i t ;  i t s  act ion,  when set,  causes t h e  s e r i a l  highway t o  
bypass t h i s  c o n t r o l l e r .  I n  f a c t  t h e  c o n t r o l l e r  s t i l l  r e c e i v e s  command mes- 
sages, b u t  i t  can no l o n g e r  send r e p l i e s .  The c o n t r o l l e r  i s  a u t o m a t i c a l l y  by- 
passed when t h e  c r a t e  i s  powered o f f .  I t  i s  r e q u i r e d  t h a t  i f  t h e  c o n t r o l l e r  
r e c e i v e s  a command t o  s e t  t h e  b i t  t o  a II1" i t  must be so s e t  a f t e r  a r e p l y  mes- 
sage has been generated. I f  i t  i s  commanded t o  s e t  i t  t o  a "O1t  then  t h e  r e p l y  
message must be delayed f o r  100 ms k 10%. The s e r i a l  d r i v e r  has t o  generate 
s u f f i c i e n t  r e p l y  space f o r  t h i s  delay, which i s  t o  a l l o w  r e l a y s  t o  s e t t l e .  

The o t h e r  requi rement  i s  t h a t  t h e  c r a t e  must have t h e  bypass b i t  s e t  on  
power-up and i t  must remain s e t  u n t i l  s p e c i f i c a l l y  o v e r w r i t t e n .  Thus p a r t  o f  
t h e  i n i t i a l i z a t i o n  process f o r  a c r a t e  must be t o  unbypass it. When i n  t h e  
bypassed s ta te ,  t h e  c o n t r o l l e r  must n o t  respond t o  any command o t h e r  than those 
t h a t  i n c l u d e  c l e a r i n g  t h e  bypassed b i t  o f  t h e  s t a t u s  r e g i s t e r .  A bypassed con- 
t r o l l e r  r e c e i v i n g  a command t h a t  does n o t  i n c l u d e  s e t t i n g  B i t  12 t o  a "0" must 
generate a r e p l y  message a p p r o p r i a t e  t o  t h e  command wi th  SX=O SQ=1 i n  t h e  s t a -  
t u s  f i e l d .  I f  t h e  bypass i s  by an e x t e r n a l  device, such a message w i l l  n o t  be 
t ransmi t ted ,  b u t  r a t h e r  t h e  complete command message w i  11 be propagated back 
t o  t h e  s e r i a l  highway d r i v e r .  

Each c o n t r o l l e r  must p r o v i d e  a loop-co l lapse s i g n a l  assoc iated w i t h  
B i t  11 o f  t h e  s t a t u s  r e g i s t e r ,  accord ing t o  F ig .  5.19. T h i s  b i t ,  i f  s e t  t o  a 
I'1" b y  command, i s  in tended t o  c o l l a p s e  t h e  s e r i a l  loop  p a s t  t h i s  c o n t r o l l e r  
so t h a t  t h i s  c o n t r o l l e r  i s  s t i l l  connected t o  t h e  s e r i a l  d r i v e r .  A d e l a y  o f  
10 ms k 10% i s  r e q u i r e d  b e f o r e  t h e  r e p l y  message t o  a command " s e t  t h i s  b i t  
t o  a 1lt i s  sent. A command " s e t  t h e  b i t  t o  a 0" has a r e p l y  sent  before t h e  
b i t  i s  a c t u a l l y  s e t  t o  "0". As before,  t h e  s e r i a l  d r i v e r  has t o  generate a 
s u f f i c i e n t  r e p l y  space f o r  t h e  delay.  
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0-OUT1 PORT I * 

25.. 

0 - In  
PORT 

24 24 

RELAY 

BIT II 

NORMALLY UNENERGIZED w OPEN AS RELAY SHOWN 

WHEN BIT II i 0 

S E R I A L  CRATE CONTROLLER I 

CONTACTS S ~ I T C H  DATA 
AND CLOCK SIGNALS. 
UNENERGIZEO =BYPASSED 

BY PASS DEVICE i 
/ NB-3547 

CONTACTS SWITCH DATA 
AND CLOCK SIGNALS. 
UNENERGIZEO = 

ILOOP COLLAPSE 

LOOP N O T  COLLAPSED 

D E V I C E  

Fig. 5.19. 
Examples of circuits for 
control signal sources and 
receivers. (Bit 11 and Bit 
12 are signals from the sta- 
tus register of SCC.) 

This loop-collapse ,dcility is t o  allow systems to automabl;ally recon g- 
ure themselves in case of a problem. The bypass facility is for powered-down 
crates on a highway; in bit-serial systems, the necessary relay is contained in 
t h e  1 - 2  controller. 

Figure 5.20, by way of illustration, shows a bypass circuit that might be 
used external to a controller. The relay contacts are shown in the bypassed 
state and the termination resistor is switched in when unbypassed to terminate 
the input t o  the balanced receiver/driver. 

T h i s  works some- 
what in a similar way to the bypass control except that here the controller 
output is either switched to the next controller, to the normal state, or to 
the return line--in which case downstream controllers become disconnected. 

Table 5.6 shows the electrical standards for the D-port control signals. 
This indicates the currents and voltage levels that the external devices must 
accept as Logic Is or Os. 

Schemes are also available for having back-up highways, b u t  i n  Laboratory 
systems these are seldom justified. 

Figure 5.21 shows an example of a loop-collapse circuit. 
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SH 
outward p a t h  

SH 
r e t u r n  path 

Serial  
HiphwOy 

out 

Serial  
Highway 

in 

F i g .  5.20. 
Example o f  bypass s w i t c h i n g  f o r  one 
D-por t  s i g n a l .  I n  a bypass dev ice  f o r  
b i t - s e r i a l  0 - p o r t  s ignals ,  t h i s  i s  
d u p l i c a t e d  f o r  d a t a  and c l o c k  s igna ls .  

---_.- 

LOOP COLLAPSE 
D E V I C E  

I 
I 
I 
1 
I Loop Collapse 

Control 
+)-- - --I 

I D-% 
J SCC I 

+ 
SH SH 

outward p a t h  re turn  p a t h  

F i g .  5.21. 
Example o f  loop-co l lapse s w i t c h i n g  
f o r  one D-por t  s i g n a l .  I n  a loop-  
c o l l a p s e  dev ice  f o r  b i t - s e r i a l  D-por t  
s igna ls ,  t h i s  i s  d u p l i c a t e d  f o r  d a t a  
and c l o c k  s i g n a l s .  The c l o c k - s i g n a l  
ou tpu t  t o  t h e  disconnected p a r t  o f  
t h e  SH Loop i s  h e l d  i n  a f i x e d - l o g i c  
s t a t e  by t h e  c o n d i t i o n s  a t  *-*. 

Table 5.6 

STANDARDS FOR CONTROL SIGNALS AT 0-PORTS 

Current  Drawn f r o m  Receiver Must Respond 
Log ic  S t a t e  o f  Cont ro l  L i n e  C o r r e c t l y a  t o  C o n t r o l  
S t a t e  C o n t r o l  L i n e  by t h e  Source S i g n a l  i n  t h e  Range: 

0 Free Magnitude o f  c u r r e n t  n o t  +10 t o  +24 V 
more than 100 PA f o r  
Cont ro l  L i n e  between 0 
and +25 V 

1 Grounded Minimum c u r r e n t  s i n k i n g  
c a p a b i l i t y  115 mA f o r  
C o n t r o l  L i n e  a t  +0.5 V 

0 t o  +3 v 

aThe r e c e i v i n g  dev ice  must respond w i t h i n  80 mS. 
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5.9 The C o n t r o l l e r  Status Reg is te r  

Table 5.7 l i s t s  t h e  b i t s  o f  a c o n t r o l l e r  s ta tus  r e g i s t e r .  B a s i c a l l y  i t  
can be seen t h a t  whereas i n  t h e  A-1 c o n t r o l l e r  f o r  t h e  p a r a l l e l  highway, t h e  
var ious  fea tu res  o f  t h e  c o n t r o l l e r  are c o n t r o l l e d  by i n d i v i d u a l  commands, i n  a 
s e r i a l  c o n t r o l l e r  they  are c o n t r o l l e d  by a s i n g l e  r e g i s t e r .  B i t  16 i n d i c a t e s  
t h a t  a LAM i s  present  i n  t h i s  c o n t r o l l e r  and tha t ,  usua l l y ,  a demand message 
has been sent. B i t  10 a l lows a LAM t o  be s e t  i n  t h e  c r a t e  f rom t h e  s e r i a l  
highway, a use fu l  f e a t u r e  f o r  checking ou t  systems. B i t s  4, 5, and 6 are f o r  
e r ro r - recovery  procedures, The remaining b i t s  o f  t h e  s t a t u s  r e g i s t e r  are s e l f -  
exp lanatory  o r  have been covered already, Table 5.8 de f ines  t h e  s t a t e  o f  t h e  
s t a t u s  r e g i s t e r  on power-up. 

5.10 C o n t r o l l e r  Commands 

These are l i s t e d  i n  Table 5.9. Four operat ions are de f ined t o  operate 
on t h e  s t a t u s  r e g i s t e r ,  and t h i s  t a b l e  a l s o  i n d i c a t e s  two o the r  r e g i s t e r s  t h a t  
are a v a i l a b l e  i n  t h e  c o n t r o l l e r .  The Data F i e l d  r e g i s t e r  con ta ins  t h e  da ta  o f  
t h e  l a s t  successful  read opera t ion  performed by t h i s  c o n t r o l l e r .  Th i s  r e g i s t e r  
i s  needed f o r  e r r o r  recovery when t h e  da ta  i s  changed by t h e  read operat ion.  
I n  t h a t  case i t  i s  no longer  a v a i l a b l e  i n  t h e  module read, so t h a t  t h i s  r e g i s -  
t e r  needs t o  be accessed t o  recover. 

The second r e g i s t e r  i s  t h e  LAM-pattern r e g i s t e r ,  which makes a v a i l a b l e  
t h e  p a t t e r n  o f  i n t e r r u p t i n g  s t a t i o n s  i n  t h e  c ra te .  The s t a t e  o f  L1 i s  i n d i -  
cated on B i t  SR1 and so on. This  r e g i s t e r  i s  unaf fected by t h e  s t a t e  o f  t h e  
demand-enable b i t  i n  t h e  c o n t r o l l e r  s t a t u s  r e g i s t e r .  I n  f a c t ,  t h i s  r e g i s t e r  
i s  no t  mandatory and, i f  i t  i s  no t  implemented, SX=O must be re tu rned by t h e  
c o n t r o l l e r  i n  response t o  an attempt t o  read it. 

I f  t h e  o f f - l i n e  sw i t ch  on t h e  c o n t r o l l e r  i s  set, then t h e  c o n t r o l l e r  must 
no t  respond t o  commands t o  t h e  s t a t u s  r e g i s t e r .  I f  t h e  dataway i s  o f f - l i n e  
e i t h e r  because t h e  f r o n t  panel  sw i tch  i s  se t  (see B i t  14 o f  t h e  s t a t u s  r e g i s -  
t e r )  o r  because B i t  13 o f  t h e  s t a t u s  r e g i s t e r  i s  set ,  t h e  c o n t r o l l e r  must r e p l y  
t o  any dataway commands, N ( 1 )  - N(23) ,  w i t h  SX=SQ=O. 
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Table 5.7 

ASSIGNMENT OF STATUS REGISTER BITS 

S t a t u s  
R e g i s t e r  

B i t  

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

W r i t e  Operat ions 

Log ic  a l "  i n t o  
R e g i s t e r  c o n t r o l s  

Generate Z 
Generate C 
Set 1=1 

- 
(Reserved) 
Enable Demands 
Set I n t e r n a l  

Demand 124 
Col 1 apse Loop 

Apply Bypass 
Dataway o f f - l i n e  

(Reserved) 

(Reserved) 
(Reserved) 
(Reserved) 
(Reserved) 
As r e q u i r e d  
As r e q u i r e d  
As r e q u i r e d  
As r e q u i r e d  

- 

- 

Read Operat ions 

Log ic  f r o m  
Reg i s t e r  i n d i c a t e s  

Always 0 
Always 0 

lout=l 

DERR= 1 
DSX= 1 
DSQ= 1 

Dataway 1=1 
(Always O ) a  
Demands Enabled 
I n t e r n a l  Demand 

Loop Co 1 1 apsed 
L24=1 

Always 0 
Dataway o f f - l i n e  
DOF Swi tch  " o f f - l i n e "  
(Always O)a 
Selected LAM Present 
(Always O ) a  
(Always O ) a  
(Always 0) a 
(Always O)a 
As r e q u i r e d  
As r e q u i r e d  
As r e q u i r e d  
As r e q u i r e d  

Comment 

Automatic r e s e t  t o  
l o g i c  "0" 

Prev ious  Rep ly  
S ta tus  

Reserved 

I n d i c a t e s  C o n t r o l  
S igna l  

Reserved 

Reserved 
Reserved 
Reserved 
Reserved 
Free-use 
Free-use 
Free-use 
Free-use 

aAppl ies w h i l e  t h e  b i t  has Reserved Status.  
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Table 5.8 

INITIAL STATE OF STATUS REGISTER BITS AFTER POWER-UP 

S t a t e  A f t e r  Power-up Condi t i on S t a t u s  R e g i s t e r  B i t  I 

3 
9 

10 
11 
12 
13 

I n h i b i t  s e t  ( I = l )  
Demands d i s a b l e d  
I n t e r n a l  demand L24=0 
Loop n o t  co’l lapsed 
SCC bypassed 
Dataway o f f - l i n e  

Table 5.9 

COMMANDS IMPLEMENTED BY SCC 

Command Response 

sx  - - SQ - SF - SA 
I 

SN Operat ion 

S t a t u s  r e g i s t e r  
Read 30 0 1 1 1 
W r i t e  30 0 17 1 1 
S e l e c t i v e  s e t  30 0 19 1 1 
S e l e c t i v e  c l e a r  30 0 23 1 1 

Re-read d a t a  f i e l d  30 1 0 DSQ 

Read LAM-pattern 30 12 1 1 
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5.11 LAMs and t h e  S e r i a l  C o n t r o l l e r  

The s tandard s p e c i f i e s  t h a t  i f  a f a c i l i t y  i s  p rov ided  on a s e r i a l  c r a t e  
c o n t r o l l e r  f o r  an e x t e r n a l  d e v i c e  t o  s o r t  o r  grade LAMs, t h e n  a s tandard SGL 
connector  should be prov ided.  T h i s  connecter  i s  a doub le -dens i t y  52-way Cannon 
connector.  I t  i s  designed so  t h a t  o n l y  s imple connect ions a re  necessary so  as 
t o  be a b l e  t o  cause demand messages t o  be sent  by t h e  c o n t r o l l e r .  W i th  no con- 
nec t i ons ,  no demand messages w i l l  be sent.  F i g u r e  5.22 shows s c h e m a t i c a l l y  t h e  
connect ions a t  t h e  SGL connector  and t h e  assoc ia ted  l o g i c .  Connections between 
P i n  50 and P i n  23 w i l l  cause t h e  l o g i c a l  OR o f  t h e  c r a t e  L l i n e s  t o  s t a r t  a 
t i m e r .  The o u t p u t  o f  t h e  t i m e r  on P i n  19 i s  t hen  r o u t e d  t o  P i n  21, where i t  
w i l l  cause a demand message ' to  be sent,  F i g u r e  5.23 shows t h e  t i m i n g  o f  t h i s .  
W i t h  demands enabled ( t o p  l i n e )  a LAM occurs, which causes t h e  SUM s i g n a l  on 
P i n  50 t o  go low, t r u e  ( L i n e  3 ) .  Connect ing t h e  SUM s i g n a l  d i r e c t l y  t o  t h e  
S T I M  s i g n a l  on P i n  23 causes TIMO ( P i n  19) t o  go low, and hence D M I  ( P i n  21) 
t o  go low, causing a demand message t o  be sent.  A t  t h i s  n e g a t i v e  edge o f  D M I ,  
I n t e r n a l  Repeat i s  h igh ;  t h u s  t h e  5 b i t s  ,of t h e  SGL f i e l d  o f  t h e  demand message 
a re  taken  f r o m  t h e  SGL-encoder P ins  3, 5, 7, 9, and 11. On a s imp le  connector ,  
t hese  s i g n a l s  can be w i r e d  t o  f i v e  separate LAM s i g n a l s  f r o m  t h e  even-numbered 
P i n s  2 t o  48, g i v i n g  a 5 - b i t  LAM p a t t e r n .  I n  t h i s  case, any o t h e r  LAM occur-  
r i n g  i n  t h e  c r a t e  w i l l  cause t h e  SGL f i e l d  t o  equal  0. 

What happens now if t h e  LAM i s  s e r v i c e d  and c l e a r e d  b e f o r e  t h e  t ime-ou t?  
T h i s  i s  rep resen ted  by  t h e  dashed waveforms i n  F ig .  5.23a. I n  t h i s  case SUM 
and hence S T I M  a re  removed. As a r e s u l t ,  b o t h  T I M O  and D M I  go h i g h  and t h e  
demand c y c l e  i s  over,  

B u t  what t h e n  i s  t h e  f u n c t i o n  of t h e  i n t e r n a l  t i m e r ?  I t i s  s p e c i f i e d  
t h a t  t h e  c o n t r o l l e r  must have a cho ice  o f  t ime-ou ts  between 1 ms and 10 s, and 
t h e  t ime-ou t  p e r i o d  must be una f fec ted  by dataway c y c l e s  t h a t  m igh t  t e m p o r a r i l y  
remove t h e  LAM. L e t  us l ook  a t  what happens i f  t h e  SUM s i g n a l  does n o t  go away 
i n s i d e  t h e  t ime-out  pe r iod .  F i g u r e  5.23a shows t h a t  a t  t h e  nex t  nega t i ve -go ing  
edge of TIMO, t h e  i n t e r n a l  r e p e a t  s i g n a l  now i s  t r u e .  R e t u r n i n g  t o  F i g .  5.22: 
a t  t h e  t o p  of t h e  f i g u r e ,  t h i s  s i g n a l  i s  OR'ed w i t h  an e x t e r n a l  r e p e a t  s i g n a l  
and then  a p p l i e d  t o  OR gates on t h e  5 SGL l i n e s .  The e f f e c t  w i l l  be t h a t  t h e  
5 SGL b i t s  t r a n s m i t t e d  t h i s  t ime, as a r e s u l t  o f  t h e  nega t i ve  t r a n s i t i o n  o f  
DMI, w i l l  be a l l  "ones". T h i s  message, w i t h  t h e  SGL f i e l d  = 11111, i s  a hung- 
demand message and, a t  t h e  highway d r i v e r ,  should be taken  t o  i n d i c a t e  t h a t  
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i I  
' I  
' I  
II 

i i  '--r-' 
I I  1 Simple II I Connection 

I !  I Timer 
S t a r t  - 

-y2 
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E v e n  
I ' Con tacto I 2-48  

Internal  
Repeat  Externa l  

Rzpeal (ERPT)  
v I 

Dsmand MessapeJ2t-iate ( D M  I) 
B y  t.e - C l o c k  ( B C  K 1 
F 

In ternal  

Demand Busy ( D  BSY 1 - --- 
Selected L A M S  
Present (S L P 

LI -24 2 
L 24 Status Register 

-----I S G L  E N C O D E R  B i t  I O  
0 AT A W  AY I 

L I -24  
1 \ t  

I 
L 
F r -- -- 

24 24 

Conlrol Station Connector- N(30)F[I)  A(12) 

N B - 3 3 4 4  

- -- 
0 1  Read  L A M  P a t t e r n  I I SERIAL CRATE CONTROLLER ( S C C )  

F i g .  5.22. 
Example of assoc ia ted  p a r t s  o f  SCC and SGL encoder. 
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( T I M 0 1  1 
T ime- o u t  

I 
T im e -out -4 I period I 

----- 
I 

lnternol Repeat 

a )  Shown for duration of L A M  l e s s - t h a n  and g r e a t e r - t h a n  T l m e - o u t  per iod  

1 ------ 
O I  I I I 

I Demond Enoble I I 
I I I 

I I 
I I 

I 
I 
I 

-- 
Time- out o ;  I I- 

I (T lMO)  I I I I ! 
I 

+Time- out period- I 
I '  I I 

L A M  removed 3 

I 

I 
I 

I I -- I 
I 
I 

0 I-- 

I 
0 1  

I w - a J B a - 1  

1 1  

1 D M I  

! 
Internal Repeat I 

--- 
I 
I 

4 L A M  osser ted  

b )  Similar t 0 " a " e x c e p t  for Demand E n a b l e  a f t e r  L A M  a s s e r t i o n ,  

F ig .  5.23. 
R e l a t i o n s h i p  between s i g n a l s  a t  SGL encoder concerned w i th  demand message 
g e n e r a t i o n  
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p o s s i b l y  t h e r e  i s  a demand i n  t h e  c r a t e  t h a t  has n o t  been responded t o  f o r  
whatever reason, i n c l u d i n g  p o s s i b l y  a c o r r u p t e d  demand message. 

A hung demand a l s o  can occur  i f  a s imp le  SGL-encoder connector  i s  used 
and a second demand occurs b e f o r e  t h e  f i r s t  i s  c lea red .  

As w i l l  be seen f r o m  F ig .  5.22, a l l  t h e  s i g n a l s  e x i s t  f o r  an e x t e r n a l  
module t o  t a k e  over  a l l  t h e  f u n c t i o n s  o f  d e c i d i n g  when t o  generate demand and 
hung-demand messages. The b y t e  c l o c k  i s  p r o v i d e d  so t h a t  t h e  t ime-ou t  can be 
i n  terms of t h e  b y t e  c l o c k .  

F i g u r e  5.23b shows t h e  t ime-ou t  sequence when demands a re  d i s a b l e d  a t  t h e  
t i m e  t h e  LAM f i r s t  occurs.  The s t a r t  o f  t h e  t i m e o u t  sequence i s  de layed u n t i l  
demands a re  enabled, and then  e v e r y t h i n g  f o l l o w s  on as before,  b u t  delayed. 

F i g u r e  5.24 shows t h e  d e v i a t i o n  o f  t h e  b y t e  c l o c k  a t  t h e  SGL encoder f r o m  
t h e  c l o c k  s i g n a l  a t  t h e  D-po r t  connector.  F i g u r e  5.24a mere ly  shows t h a t  i t  
migh t  be delayed by t h e  l o g i c  when t h e  s e r i a l  highway i s  i n  b y t e  s e r i a l  mode; 
whereas, when t h e  s e r i a l  highway i s  i n  b i t  s e r i a l  mode, t h e  b y t e  c l o c k  i s  a 
p o s i t i v e  go ing  p u l s e  d u r i n g  t h e  s t o p  b i t  o f  each b y t e  a t  t h e  D-port .  

OF RECEIVED 
BYTE-CLOCK I 

B Y T E  CLOCK 
SIGNAL 
O U T P U T  

I I I k- 2 0.4 l,&- 2 0.4 T , , , d  

( a )  B Y T E - S E R I A L  MODE 

STOP- BIT PERIOD 1 START-BIT 
~ R I O D  1 

LOGIC STATE 0 
OF R E C E I V E D  

\ \  
B Y T E  CLOCK 
SIGNAL O U T P U T  I I I I I 

20.4 Tmin - - -  

( b )  BIT-SERIAL MODE 

F i g .  5.24. 
R e l a t i o n s h i p  between b y t e  c l o c k  s i g n a l  a t  SGL-encoder connector  and r e c e i v e d  
B i t / B y t e  c l o c k  s i g n a l s .  
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5.12 Errors on the Serial  Highway 
I 

b? d, !I6 O15 014 O13 a12 

b2 d2 y 2 6  
I '  I '  

a 
Figure 5.25 reminds us of the 

e r ror  detection scheme f o r  a l l  se r ia l  
highway messages. Basically, i t  has 
odd byte par i ty  and even column par i ty  
f o r  Bits 1 - 6. Thus, should one or  
more b i t s  be corrupted i n  a message 
there i s  an extremely h i g h  chance t h a t  
the  error  i s  detected. B u t ,  how 
should the ser ia l  c ra te  control ler  
respond t o  a corrupted message? 
Table 5.10 indicates the control ler  
responses i n  the reply message. As 
we see, the ERR b i t  o f  the s ta tus  
f i e l d  indicates a par i ty  e r ror  or an 
e r ror  i n  the MI bits of the command 
message, t h a t  i s ,  MI not  equal 0. 

B y t e  I 

B y t e 2  

I I '  I 

C j  = e v e n - p a r i t y  b i t s  
i n  6 c o l u m n s  

d, = D e l i m i t e r  b i t s  
in  m + I  b y t e s  

b i  = odd -pa r i t y  b i t s  
in m + l  bytes 

F i g .  5.25. 
Geometric error  detection as applied 
t o  the ser ia l  highway. 

Table 5.10 

ERROR I N D I C A T I O N S  I N  REPLY MESSAGE 

Reply Message 

Status F i e l d  
Length 

ERR c sx - SQ (by tes )  Execution o f  Command  _. 

Successful 0 1 Q a  3 o r  7 

Unsuccessful 
0 0 0 3 or  7 Dataway o f f - l i n e  

Command n o t  accepted 0 0 0 3 or 7 
Bypassed 0 0 1 3 o r  7 

b 

Not executed 1 0 0 3 
( P a r i t y  o r  M I  e r r o r )  

>Response f rom t h e  addressed f e a t u r e  o f  t h e  module o r  c o n t r o l l e r .  
bThese can be d i s t i ngu ished  by reading t h e  contents  o f  t h e  s ta tus  r e g i s t e r .  
B i t  13=1 i n d i c a t e s  dataway o f f - l i n e .  
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The problem a r i s e s  when e r r o r  recovery  i s  t r i e d .  When a c o r r u p t  r e p l y  
message i s  received,  was t h e  highway t r a f f i c  o n l y  c o r r u p t e d  between t h e  
addressed c r a t e  and t h e  s e r i a l  d r i v e r ,  o r  was i t  c o r r u p t e d  on b o t h  s i d e s  o f  t h e  
addressed c r a t e ?  I n  t h i s  case, f o r  a read operat ion,  one e i t h e r  reads t h e  d a t a  
o u t  of t h e  c o n t r o l l e r  o r  repeats  t h e  operat ion.  The s e r i a l  d r i v e r  needs t o  
read t h e  c o n t r o l l e r  s t a t u s  r e g i s t e r  t o  determine i f  t h e  l a s t  command rece ived 
was rece ived s u c c e s s f u l l y - - t h e  DERR b i t  i n d i c a t e s  t h i s .  The whole s u b j e c t  o f  
e r r o r  recovery i s  covered thorough ly  i n  ESONE SD/02, DOE EV-0006. Happi ly,  one 
can buy s e r i a l  d r i v e r s  t h a t  t a k e  care  o f  e r r o r s .  

F i g u r e  5.26 shows t h e  f l o w  diagram f o r  t h e  l o g i c  o f  a s e r i a l  c r a t e  con- 
t r o l l e r .  The quiescent  s t a t e  o f  t h e  c o n t r o l l e r  i s  sp inn ing  i n  t h e  t o p  box 
l o o k i n g  f o r  a header. If one i s  found t h a t  i s  n o t  addressed t o  t h i s  c o n t r o l l e r  
(DL D), i t  i s  s imp ly  passed. I f  a demand a r i s e s  i n  t h e  c r a t e  and t h e  
l a s t  b y t e  was a d e l i m i t e r  (DL Demand Present) ,  a demand i s  sent. F i n a l l y ,  
i f  a header i s  found t h a t  i s  addressed t o  t h i s  c r a t e  (E CA), t h e n  t h e  
receive,  execute, and r e p l y  sequence i s  gone through. The f i n a l  l o g i c  i s  t o  
r e p l a c e  excess r e p l y  space w i t h  WAIT bytes.  

F i g u r e  5.27 extends t h i s  diagram t o  add a l l  e r r o r  c o n d i t i o n s .  Most o f  
t h e  e x t r a  l i n e s  are  added because o f  t h e  d e t e c t i o n  e i t h e r  o f  a f raming e r r o r  
( b i t  s e r i a l  o n l y )  o r  a d e l i m i t e r  b y t e  when one i s  n o t  expected. The numbers 
by t h e  boxes r e f e r  t o  s e c t i o n s  i n  Chapter 16 o f  t h e  Standard, and I r e f e r  you 
t h e r e  f o r  more d e t a i  1. 

For  t h e  s e r i a l  c r a t e  c o n t r o l l e r  L-2, F i g .  5.28 shows a schematic l o g i c  
diagram. The s e r i a l  highway comes i n  a t  t o p  l e f t  and i s  r e t r a n s m i t t e d  t o p  
r i g h t .  The i n p u t  s i d e  i s  on t h e  l e f t  o f  t h e  two connectors, which represent  
t h e  SGL-encoder connector  a t  t h e  t o p  and t h e  dataway connectors  a t  t h e  bottom. 
Going down t h e  l e f t  s i d e  one f i r s t  sees t h e  s e r i a l - p a r a l l e l  conver ter ,  b y t e  
synchron iza t ion  etc., and t h e n  t h e  var ious  t e s t i n g  o f  by tes  f o r  p a r i t y  and 
v a r i o u s  standard bytes.  F o l l o w i n g  t h a t  i s  t h e  3-byte demand-message d e l a y  and 
then t h e  var ious  r e g i s t e r s  t h a t  c l o c k  i n  t h e  v a r i o u s  p a r t s  o f  t h e  d a t a  i n  a 
command message. 

I n  t h e  m i d d l e  o f  t h e  f i g u r e  are  t h e  LAM c i r c u i t s ,  t h e  s t a t u s  r e g i s t e r ,  
and dataway c o n t r o l  c i r c u i t s .  On t h e  r i g h t  hand s i d e  are  t h e  c i r c u i t s  t h a t  
generate t h e  r e p l y  and demand messages. I leave i t  t o  t h e  reader  t o  work 
th rough t h e  f i g u r e  i n  d e t a i l .  

L 
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INPUT - 

M E S S A G E  
I N P U T = D L .  1 . ( INPUT=DLl(DEMAND PRESENT) 

i ,+ S E N D  7.1 
D E M A N D  B 

9UTPUT:ENDSUM / 

S E N D  REPLY 

0 UT P UT=ENDSUM 

9 = D L  

k.2 

OUTPUT = ENDSUM 
~ I N P U T =  D L  

Fig. 5.26. 
Major-state sequence in SCC--omitting all error conditions. 
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LOST LOST 

SYNC SYNC 7 
I 

+ B Y T E  = MESSAGE - &--- 

IN PUT = WAIT 
1 - -- 

INPUT =BYTE PARITY ERROR 

t 
F I N D  

H E A D E R  

. 
L 

I N P U T = r L * C A  
PASS 

M E S S A G E  

INPUT =DL 

JINPUT=DL)(DEMAND PRESENT) I, S E N o  71 

I ----- D E M A N D  

t OUTPUT= ENDSUM 
INPUT=DL 

2.5 -\ 

OUTPUT = ENDSUM 
INPUT = D L  

OUTPUT = ENDSUM 
INPUT = D L  -- 

INPUT = DL 

F i g .  5.27. 
M a j o r - s t  a t e  sequence i n  SCC. 
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Fig. 5.28. Serial crate controller SCC-L2: block diagram. 



5.13 Summary 

Al though t h e  s e r i a l  highway i s  a complex system, i t  does p r o v i d e  f o r  more 
f l e x i b i l i t y  and s o l i d i t y  t han  t h e  p a r a l l e l  highway. Happi ly ,  t h e  m a j o r i t y  o f  
t h e  comp lex i t y  i s  t aken  ca re  o f  i n  s tandard so f tware  and hardware. 

6. AUXILIARY CONTROLLER I N  A CAMAC CRATE 

6.1 I n t r o d u c t i o n  

The bas i c  CAMAC standards make t h e  assumption t h a t  t h e r e  i s  b u t  a s i n g l e  
c o n t r o l l e r  o f  any CAMAC c r a t e .  A t  t h e  t i m e  CAMAC was def ined,  CAMAC modules 
were seen as boards c o n t a i n i n g  b u t  hard l o g i c ;  t h e r e f o r e  t h i s  was a q u i t e  rea -  
sonable r e s t r i c t i o n ,  and i t  r e s u l t e d  i n  t h e  dataway des ign  t h a t  made t h e  r i g h t -  
hand s t a t i o n  o f  t h e  CAMAC c r a t e  t h e  c o n t r o l  s t a t i o n .  S ince t h a t  t ime, t h e  
i n t e g r a t e d  c i r c u i t  datasheets have changed somewhat, and now i t  seems t o  be 
q u i t e  reasonable t h a t  any CAMAC module m igh t  want t o  ope ra te  t h e  dataway. How 
can these  modules be g i v e n  c o n t r o l  o f  t h e  c r a t e  v i a  t h e  r i g h t - h a n d  s t a t i o n ,  and 
how can t h e y  a r b i t r a t e  f o r  use o f  t h e  c r a t e  i n  t i m e ?  As we w i l l  see, t h e  nec- 
essa ry  hooks were i n s e r t e d  i n t o  t h e  s e r i a l  c r a t e  c o n t r o l l e r  Type L-2 and a new 
p a r a l l e l  c r a t e  c o n t r o l l e r  Type A-2 was de f i ned .  

6.2 A u x i l i a r y  C o n t r o l l e r s  w i t h  a S e r i a l  C ra te  C o n t r o l l e r  

Table 6.1 l i s t s  a l l  t h e  p i n s  a t  t h e  SGL connector  on a s e r i a l  c r a t e  con- 
t r o l l e r .  I have marked seven s i g n a l s  t h a t  are p r o v i d e d  over  and above those  
needed f o r  a s t r a i g h t  SGL connector.  These s i g n a l s  a l l o w  one o r  more a u x i l i a r y  
c o n t r o l l e r s  t o  ope ra te  i n  a CAMAC c r a t e  w i t h o u t  mutual  i n t e r f e r e n c e  on t h e  
dataway. Because t h e  s e r i a l  c r a t e  c o n t r o l l e r  must have access t o  t h e  dataway 
immediate ly  a f t e r  t h e  SUM b y t e  o f  a command message has been received,  t h e  
A u x i l i a r y  C o n t r o l l e r  Lockout s i g n a l  (ACL) i s  asse r ted  by  t h e  c o n t r o l l e r  as soon 
as a header b y t e  addressed t o  t h e  c o n t r o l l e r  i s  received,  and i t  i s  removed a t  
t h e  comp le t i on  o f  t h e  dataway cyc le ,  o r  when t h e  o p e r a t i o n  i s  abandoned. I n  a 
5 Mbyte/s s e r i a l  system, t h a t  g i v e s  4 b y t e s  b e f o r e  t h e  s t a r t  o f  a CAMAC c y c l e  
o r  800 ns. Thus an a u x i l i a r y  c o n t r o l l e r  must abandon a CAMAC c y c l e  i f  i t  has 
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Contact  

1 
3 
5 
7 
9 

11 
13 
15 

I 17 
19 
21 
23 
25  
27 

I 29 
31 
33 
35 
37 
39 
41 
43 
45 
47 
49 
51 

Tab le  6.1 

CONTACT ASSIGMENTS AT SGL-ENCODER CONNECTOR 

Signa l  

Demand Busy ( O B S Y )  
Graded-L SGLEl 
Graded-L SGLE2 
Graded-L %LE3 
Graded-L SGLE4 
Graded-L SGLE5 
Ex te rna l  Repeat (ERPT) 
(Reserved) 
Request I n h i b i t  Outb 
Time-out (TIMO) 
Demand Message I n i t i a t e  (DMI) 
S t a r t  Timer (STIM) 
Selected-LAM Present (SLP) 
( Reserved ) 
A u x i l i a r y  C o n t r o l l e r  Lockout (ACL) 
By te  Clock 
Free  Use 
Free Use 
Free Use 
Free Use 
C o n t r o l l e r  Busy ( C B Y )  
S t a t i o n  Number N1 
St%t ion  Number N2 
S t a t i o n  Number N4 
S t a t i o n  Number N8 
S t a t i o n  Number N16 

o i  r e c t i o n a  

o u t  
I n  
I n  
I n  
I n  
I n  
I n  

o u t  
I n  
I n  
I n  

out 
o u t  
I n  o r  ou t  
I n  o r  ou t  
I n  o r  o u t  
I n  or  o u t  
o u t  
I n  
I n  
In 
I n  
I n  

Contact  

2 
4 
6 
a 

10 
12 
14 
16 
18 
22 
24 
26 
28 
30 
32 
34 
36 
3a 
40 
42 
44 
46 
48 
50 
52 

Signal 

L1 
L2 
L3 
L4 

L5 
L6  
L7 
L8  
L9 
L11 
L12 
L13 
L14 
L15 
L16 
L17 
L18 
L19 
L 20 
L21 
L22 
L23 
L24 
Sum 
ov 

D i r e c t i o n a  

o u t  
o u t  
o u t  
o u t  

out 
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
o u t  
I n  o r  Out 
o u t  

a'lOut" i n d i c a t e s  s i g n a l  generated by  SCC. 
bThe c r a t e  c o n t r o l l e r  needs o n l y  a p u l l - u p  on Lhe request  i n h i b i t  (Contac t  17) i n  o rde r  t o  be compat ib le  w i t h  t h e  ACE. 

"Ir." i n d i c a t e s  s i g n a l  rece ived by SCC. 
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n o t  y e t  asser ted S1, b u t  i t  has t i m e  t o  complete t h e  c y c l e  i f  i t  has a l ready  
passed t h e  s t a r t  o f  S1 (See F i g .  2.16). 

The remain ing f i v e  l i n e s  a r e  t h e  encoded N l i n e s ,  and these i n s t r u c t  t h e  
c o n t r o l l e r  t o  a s s e r t  t h e  N l i n e  def ined.  

The SGL connector  can t h u s  fo rm a bus tha t  i s  connected t o  a s e r i a l  LAM 
grader  and var ious  a u x i l i a r y  c o n t r o l l e r s  i n  t h e  c r a t e .  

up c u r r e n t  sources f o r  t h e  SGL-encoder connector.  
F i n a l l y ,  f o r  completeness, Table 6.2 shows t h e  s i g n a l  standards and p u l l -  

6.3 The A u x i l i a r y  C o n t r o l l e r  Bus (ACB) 

The s e r i a l  c r a t e  c o n t r o l l e r  SGL encoder w i l l  a l l o w  one o t h e r  a u x i l i a r y  
c o n t r o l l e r  t o  use t h e  CAMAC c r a t e .  It would do t h i s  by s imply  go ing ahead w i t h  
a CAMAC cyc le ,  so long as t h e  ACL s i g n a l  were n o t  asserted. I f  i t  were asser t -  
ed b e f o r e  t h e  a u x i l i a r y  c o n t r o l l e r  reached S 1  o f  i t s  cyc le ,  t h e  l o g i c  would 
s imp ly  abandon t h e  c y c l e  and t r y  again when ACL was removed. Remember t h a t  
I E E E  583/EUR 4100 r e q u i r e s  t h a t  no module should t a k e  i r r e v o c a b l e  a c t i o n  b e f o r e  
S1 i s  asserted. Wi th  m u l t i p l e  a u x i l i a r y  c o n t r o l l e r s  i n  a c r a t e ,  one needs a 
mechanism f o r  these c o n t r o l l e r s  t o  a r b i t r a t e  between themselves as t o  which one 
has access t o  t h e  c r a t e .  F i g u r e  6.1 shows t h e  ACB schemat ica l l y .  It w i l l  be 
n o t i c e d  t h a t  t h e r e  i s  a new s i g n a l  t h a t  i s  n o t  on t h e  SGL-encoder connector :  
Request (RQ) .  The l i n e s  s p e c i f i c  t o  t h e  SGL-encoder func t ion$,  however, are 
absent f rom t h e  ACB. 

L e t  us now look  a t  how t h e  bus works. F i r s t ,  every a u x i l i a r y  c o n t r o l l e r  
has access t o  t h e  L l i n e s ,  c a l l e d  AL l i n e s  i n  t h i s  f i g u r e ,  Thus a u x i l i a r y  con- 
t r o l l e r s  can respond t o  LAMS. Also present  a re  t h e  Encoded N ( E N )  l i n e s  so 
t h a t  a u x i l i a r y  c o n t r o l l e r s  can a s s e r t  any one N l i n e  i n  t h e  c r a t e  a t  a t ime.  
However, t h e y  cannot address t h e  i n t e r n a l  r e g i s t e r s  of t h e  s e r i a l  c r a t e  con- 
t r o l l e r  because these are n o t  accessed v i a  a dataway cyc le .  T h i s  i s  a weakness 
because on powering up a c r a t e ,  t h e  a u x i l i a r y  c o n t r o l l e r  has no way o f  communi- 
c a t i n g  w i t h  t h e  s e r i a l  d r i v e r  and i t s  computer u n t i l  t h a t  d r i v e r  i n i t i a l i z e s  
t h e  c r a t e  and enables demands. A s i m i l a r  s i t u a t i o n  e x i s t s  w i t h  t h e  A - 2  con- 
t r o l l e r ,  o f  which more l a t e r .  

So, l e t  us  assume t h a t  one o f  t h e  a u x i l i a r y  c o n t r o l l e r s  needs t o  generate 
a dataway cyc le .  I t  then p u l l s  down t h e  reques t  l i n e  t o  a Log ic  Itl1'. It w i l l  
be seen t h a t  i n  each c o n t r o l l e r ,  t h e  request  l i n e  on t h e  bus i s  a l s o  brought 
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Table 6.2 

SGL-ENCODER CONNECTOR: SIGNAL STANDARDS AND PULL-UP CURRENT SOURCES 
FOR ALL SIGNALS OTHER THAN CODED-N 

Signals from SCC Signals t o  SCC 
SIGNAL STANDARDS AT CONNECTOR 

Line i n  "1" s ta te  at  +0.5 V 

3.2 mAa L s ignals  
6.4 mAa other s ignals  
(from l i n e  by SCC) 

16 mAa 
( f rom l i n e  by encoder) 

Minimum current  s ink ing c a p a b i l i t y  
(current  drawn from l i n e  by u n i t  
generating the s igna l )  

L ine i n  "1" s ta te  a t  t0.5 V 

Maximum load cu r ren t  ( cu r ren t  fed 
i n t o  l i n e  by u n i t  rece iv ing  the s igna l )  

3.2 mAa each u n i t  
(max 6.4 mAa) 
( i n t o  l i n e  by encoder) 

3.2 mA 
( i n t o  l i n e  by S C C )  

L ine i n  "0" s ta te  a t  t3.5 V 

Minimum pu l l -up  c a p a b i l i t y  
( cu r ren t  f e d  i n t o  l i n e  by the  SCC) 

2.3 mA 
( f o r  L-s ignals  t h i s  i s  common 
t o  encoder and dataway) 

200 UA 

Line i n  "0" s ta te  a t  t3.5 V 

200 UA 200 fl Maximum current  drawn from l i n e  by 
the  encoder 

PULL-UP CURRENT SOURCES I N  SCC 

I n t e r n a l  pu l l -up current  source ( r p )  
a t  t0.5 V 

0.8 mA 2 I p  2 1.6 mA 

300 @ 5 I p  I n t e r n a l  pu l l -up cu r ren t  source ( I p )  
a t  +3.5 V 

2.5 mA 5 Ipa  

PULL-UP CURRENT SOURCES I N  SGL ENCODER (OUTPUTS ONLY) 

6.0 mA 5 I p  '< 9.6 mAa I n t e r n a l  pu l l -up current  source ( I p )  
a t  tD.5 V 

I n t e r n a l  pu l l -up current  source ( I p )  
a t  t3.5 V 

2.5 mA 5 I p a  

aValues derived from EUR 4100e/TID 25875. 
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NOTE: FRONT PANEL REQUEST TO G R A N T - I N  CONNECTION MADE AT H I G H E S T  P R I O R I T Y  CONTROLLER U S I N G  R/G PROTOCOL 

F ig.  6.1. 
M u l t i p l e  c o n t r o l l e r s  i n  a CAMAC c ra te .  

forward t o  the  f r o n t  panel. On one c o n t r o l l e r ,  t he  one a t  t he  h ighest  p r i o r -  
i t y ,  t h i s  request l i n e  i s  connected t o  Grant I n  and t h i s  i s  daisy-chained f r o m  
Grant Out t o  next Grant I n  and so on. The c o n t r o l l e r  t h a t  has the  request 
assumes c o n t r o l  o f  t h e  CAMAC c r a t e  and does no t  pass on t h e  Grant I n  t o  Grant 
Out when i t  receives Grant I n .  It then asser ts  Request I n h i b i t  and performs 
t h e  dataway cyc le  w h i l e  being ready t o  abor t  t he  cyc le  i f  ACL goes t r u e  before 
S l .  Any o ther  c o n t r o l l e r  removes any request  f rom t h e  RQ l i n e  w h i l e  Request 
I n h i b i t  o r  ACL i s  t rue .  It must do t h i s  i n  l ess  than 50 ns. So now we can 
have as many a u x i l i a r y  c o n t r o l l e r s  i n  a c r a t e  as we can f i t  i n  o r  a f fo rd ,  and 
they w i l l  not  d e s t r u c t i v e l y  i n t e r f e r e  w i t h  each other.  

F igure 6.2 shows t h i s  t i m i n g  f o r  t he  case when ACL does no t  i n t e r f e r e  w i t h  
t h e  cyc le .  Note t h a t  t he  a u x i l i a r y  c o n t r o l l e r  CAMAC c y c l e  i s  lengthened over  
t h a t  def ined i n  I E E E  583/EUR 4100, w i t h  a minimum t ime between the  s t a r t  o f  
t h e  c y c l e  and S 1  o r  500 ns. This  i s  t o  a l l ow  f o r  t he  delay in t roduced by t h e  
N-decoder, def ined t o  be l ess  than 100 ns. Thus a minimum a u x i l i a r y  c o n t r o l l e r  
dataway cyc le  i s  1.1 us. F igure  6.3 i l l u s t r a t e s  what happens i f  t h e  c r a t e  
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AUXILIARY CWTROLLER BUS SIGNALS 

REOUEST 

GRANT-IN 

REOUEST INHIB IT  _. 

AUXILIARY CONTROLLER 

r 
NOTE I 1 _I 

I 
LOCKOUT I A C L  1 

ENCODED-N ( E N )  - r 
NOTE 2 1 I 

DATAWAY SIGNALS 
* I- 100 n s d  MAXIMUM DELAY IN cc + loons r (SEE SECTION 4 . 2 . 2 )  

COMMAND A , F , B  
a BUSY 

STROBE S i  - 
t 

NOTES:  

I. A L L  SIGNALS EXCEPT 
ACB GRANT- IN  AND 
DATAWAY N GENERATED 
BY AC. 

2. TIMING OF OATAWAY 
OPERATION IS  IDENTICAL 
TO THAT OF FIGURE 9 
OF IEEE STD 583-1975 
OR EUR 41001 EXCEPT 
FOR DIFFERENCES SHOWN, 

N DECODER DELAY IN CC. 
wnicn ARE TO ACCWYOOATE 

STROBE S2 
NOTE 2 

~ 250ns 
MAX 

tl t o  

I 

CILITAWAY ADDRESSED COMMAND OPERATION 

Fig. 6.2. 
Sequence of signals for an auxilliary controller to gain control o f  the crate 
for an addressed command operation. 

AUXILIARY CONTROLLER BUS SIGNALS 

-1 REOUEST 
GRANT - I N  ~ 

1 
I 

REOUEST INHIBIT -1 I 
AUXILIARY CONTROLLER -- 1 1 

LOCKOUT I A C L  1 1 
ENCODED-N ( E N )  

OATAWAY SIGNALS 

COMMAND A, F, 6 

-- 8 BUSY { N  
STROBE SI 

STROBE S Z  

USING REOUESTIGRANT CONTROLLER USING ACL 

Fig. 6.3. 
Example of a sequence in which auxiliary controller lockout (ACL)  signal is 
generated too late tu cause aborting o f  dataway cycle started by auxiliary 
controller using request grant. 

111 



controller asserts ACL after the auxiliary controllerrasserts S1. In this case 
the auxiliary controller completes the cycle, and the crate controller starts 
its dataway cycle after that of the auxiliary controller, by definition. 

Figure 6.4 illustrates what happens if ACL is asserted before S 1  of the 
auxiliary controller cycle. Here the cycle is aborted so as not to destruc- 
tively interfere with the crate controller's cycle. 

Clearly, only one controller in the crate can assume control of the crate 
using the ACL signal. A controller generating ACL must not start its dataway 
cycle until 200 ns has elapsed, and it has received Request Inhibit = "0". An 
exception to this rule is the serial crate controller that has a minimum delay 
of 800 ns between ACL and the dataway cycle and does not take into account 
Request Inhibit. 

6.4 The ACE Connector and Sianal Standards 

The ACE connector is a 3M ribbon-cable connector with 40 contacts. When 
used with a serial crate controller, one needs a converter cable assembly that 
is available from manufacturers. 

Table 6.3 gives the current, signal standards and pull-up current sources 
for the ACB. The main difference from the dataway specifications is that the 
pull-up currents are less, and each module receiving signals can have more than 
one TTL load (1.6 mA each) on the line, depending on the line. The last line 
specifies the location of the pull-up. When auxiliary controllers are used 
with serial crate controllers, one should check for the request inhibit pull-up 
in the controller because older controllers did not have them, and thus a pull- 
up needs to be added. 

Table 6.4 summarizes the pinning of the ACE connector. 
IEEE 583/EUR 4100 specified the signal standards for the Q, R, and X lines 

on the dataway, assuming that only one controller received these. Thus the 
signal standards for auxiliary controllers on these lines are very tight and 
allow a maximum of 12 auxiliary controllers in a crate--less if other modules 
receive these signals. Table 6.5 gives the signal standards for these dataway 
lines. 
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AUXILIARY CONTROLLER BUS SIGNALS - REOUEST 
GRANT - IN 
REOUEST I N H I B I T  - 
AUXILIARY CONTROLLER 

ENCODED-N (EN) 

I - 
I 

LOCKOUT ( A C L I  

STROBE S I  

STROBE S2 - 
CYCLE 

ABORTED DATAWAY DATAWAY CYCLE e y  
CONTROLLER USING ACL 

F i g .  6.4. 
Example o f  sequence i n  which a dataway cycle s tar ted by auxiliary control ler  
us ing  Request/Grant, i s  caused t o  abort by ACL signal generated by another 
control ler .  

Table 6.3 

CURRENT SIGNAL STANOAROS AN0 PULL-UP CURRENT SOURCES FOR THE 
AUXILIARY CONTROLLER BUS CONNECTOR AND 

ASSOCIATED FRONT PANEL CONNECTORS 

S igna l  Standards a t  Connector 

L ine  a t  "1" s t a t e  a t  0.5 V 
Minimum c u r r e n t  s i n k i n g  c a p a b i l i t y  
( c u r r e n t  drawn f rom l i n e  by u n i t  
genera t ing  the  s i g n a l )  

L ine  a t  "1" s t a t e  a t  0.5 V 
Maximum load c u r r e n t  
( c u r r e n t  f e d  i n t o  l i n e  by u n i t  
r e c e i v i n g  t h e  s i g n a l )  

L i n e  a t  "0" s t a t e  a t  3.5 V 
(maximum c u r r e n t  drawn f rom l i n e  
by CC w i thou t  s i n k i n g  p u l l - u p )  

L i n e  a t  "0" s t a t e  a t  3.5 V 
(minimum c u r r e n t  f e d  i n t o  l i n e  
by CC w i t h  s i n k i n g  p u l l - u p )  

Loca t ion  o f  p u l l - u p  f o r  cu r ren t ,  
I p ,  a t  0.5 V :  

6 mA 5 I p  5 9.6 mA 

A u x i l i a r y  Con t ro l  Lockout, Request Encoded-N - Request I n h i b i t  Aux i 1 i ary  LAM Grant- In/Out Cond i t i on  Free 

For  CC 6.4 mA; 
For  AC 16.0 mA 

3.2 mA 

0.4 mA p e r  u n i t  
(6.4 mA maximum) 

100 CIA 

2.5 mA 

cc 

16.0 mA 16.0 mA 

0.4 mA pe r  u n i t  
(3.2 mA maximum) 

12.8 mA 

100 UA 

2.5 mA 

cc 

100 UA 

2.5 mA 

11.2 mA 

100 pA 

2.5 mA 

Gran t - i n  cc 
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Tab le  6.4 

CONTACT ASSIGNMENTS ON AUXILIARY CONTROLLER BUS  CONNECTOR^ 

Con tac t  Us age Contac t  Usage 

1 
3 
5 
7 
9 

11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 

Ground ( O V )  
Encoded-N EN2 
Encoded-N EN8 
Ground ( O V )  
Ground ( O V )  
Ground ( O V )  
Ground ( O V )  
Ground ( O V )  
AL 2 
AL4 
AL 6 
AL8 
ALlO 
AL12 
AL14 
AL16 
AL18 
AL20 
AL 22 
AL24 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 

Encoded-N EN1 
Encoded-N EN4 
Encoded-N EN1 6 
ACL 
C o n d i t i o n a l l y  F r e e  
Request RQ 
Request I n h i b i t  R I  
AL 1 
AL 3 
AL 5 
AL 7 
AL9 
AL11 
AL13 
AL15 
AL17 
AL19 
AL21 
A123 
Ground ( O V )  

aContac t  2 i s  ac ross  f r o m  Contac t  1, Con tac t  4 i s  across  f r o m  Con tac t  3, e t c .  

. 
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Table 6.5 

SIGNAL STANDARDS FOR Q, R, AND X AT THE 
AUXILIARY CONTROLLER DATAWAY CONNECTOR 

Condition at Dataway Connection Absolute timi t 

Line in 111'' state at +0.5 V 
(maximum current fed into line by 
auxiliary controller receiving 
si gnal ) 

Line in "0" state at +3.5 V 
(maximum current drawn from line 
by each auxiliary controller) 

0.4 mA 

100 PA 

6.5 Type A-2 Parallel-Branch Crate Controller 

The A-2 crate controller is a modification to the A-1 crate controller for 
the parallel highway, IEEE 596/EUR 4600. It operates in exactly the same way 
on the parallel branch and in that sense is quite interchangeable with the A-1 
controller. The difference is that, in addition to the LAM-grader connector on 
the rear, there is an ACB connector. The A-2 controller has an internal switch 
t o  determine if it will use the ACL or  request/grant mechanism for crate arbi- 
tration. Additions to the front panel are an indication of the state of this 
switch and the request, grant-in and grant-out connectors (Lemos). Thus an A-2 
controller cannot assume control of the crate but must use one of the ACB mech- 
anisms to avoid conflicts. An additional requirement is that the BRW lines 
must only be connected to the crate R and W lines when the A-2 controller is 
on-line, addressed, and in control o f  the crate. Similar gating restrictions 
apply to the other branch and crate lines: BA and A, BF and F, BQ and Q, BX 
and X .  

Clear and Initialize (C&Z) operations likewise can be generated only when 
the A - 2  controller is in control of the crate, and thus there are circumstances 
when auxiliary controller activity could prevent the controller from generating 
an initialize signal in the crate in response to a branch initialize signal 

(BZ)  
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The A-2 c o n t r o l l e r  i n i t i a t e s  t h e  g a i n i n g  c o n t r o l  o f  t h e  c r a t e  when i t s  
BCR s i g n a l  goes t o  "1" and does n o t  re lease c o n t r o l  u n t i l  BCR="O";  f o r  
e f f i c i e n t  b l o c k  t rans fers ,  t h e  branch d r i v e r  should m a i n t a i n  BCR="l". 
Thus i t  w i l l  be seen t h a t  I E E E  675/EUR 6500 extends t h e  CAMAC c r a t e  f rom a 
s i n g l e  c o n t r o l l e r  c r a t e  t o  a m u l t i p l e  c o n t r o l l e r  c r a t e  f o r  b o t h  s e r i a l  and 
p a r a l l e l  systems. 

7. SYSTEM ASPECTS OF LAMs 

7.1 I n t r o d u c t i o n  

So f a r  we have d e a l t  w i t h  t h e  hand l ing  o f  LAMs a t  t h e  module l e v e l  and 
w i t h i n  t h e  t y p e  A-1 and L-2 c o n t r o l l e r s .  T h i s  s e c t i o n  looks  a t  t h e  LAM han- 
d l i n g  needs, once one extends beyond a s i n g l e  program owning t h e  CAMAC system 
at tached t o  t h e  computer. The problem a r i s e s  because t h e  LAM s t r u c t u r e  o f  
CAMAC does n o t  a l l o w  t h e  i n d i v i d u a l  LAMs t o  be handed round t o  t h e  i n t e r e s t e d  
p a r t i e s  by hardware, even i f  t h e  o p e r a t i n g  system d id .  Thus, l e t  us f i r s t  look  
a t  t h e  needs o f  any system's LAM handler  and t h e n  look  a t  some examples. 

1 

7.2 Svstem Needs i n  LAM Handl ina 

F i r s t ,  we must make some assumptions. We assume t h a t  we are  runn ing  a t  
l e a s t  a m u l t i t a s k i n g  system, if n o t  a mult iprogramming system. The d i f f e r e n c e  
between these i s  t h a t ,  i n  t h e  former, a l l  t h e  tasks  c o n t r i b u t e  t o  t h e  same 
o v e r a l l  j o b  t o  be done; i n  t h e  l a t t e r ,  t h e  programs are, i n  general ,  comple te ly  
independent o f  each o t h e r  i n  t h a t  respect .  The second assumption i s  t h a t  we 
are  n o t  ab le  t o  operate on a module w i t h o u t  knowing what i t  i s .  The t h i r d  
assumption i s  t h a t  we do n o t  wish t o  mask o f f  f u r t h e r  LAMs f o r  longer  t h a n  i s  
a b s o l u t e l y  necessary. F i n a l l y ,  we assume t h a t  t h e  t a s k s  t h a t  handle t h e  LAMs 
a r e  n o t  ab le  t o  r u n  a t  any p r i o r i t y  t h a t  would mask o u t  any computer i n t e r -  
r u p t  s. 

The system code t h a t  has t o  f i e l d  LAMs thus  needs t o  
1. Accept reques ts  f r o m  t a s k s  t h a t  t h e y  be n o t i f i e d  when a LAM ( o r  group 

o f  LAMs) occurs. 
Enable t h a t  LAM through t h e  hardware and sof tware.  2. 
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3. When a LAM occurs, i d e n t i f y  it, and n o t i f y  t h e  i n t e r e s t e d  task .  
4. Mask o f f  t h e  i n d i v i d u a l  LAM so t h a t  i t  does n o t  cause f u r t h e r  i n t e r -  

5. 
Because t h e  system needs t o  mask i n d i v i d u a l  l i n e s  i n  a module-design inde-  

pendent t o  achieve P o i n t  4 above, i t  needs a mask r e g i s t e r  i n  each " c r a t e  con- 
t r o l l e r . "  T h i s  i n d i c a t e s  t h e  need f o r  a LAM grader  i n  each c r a t e ,  be i t  s e r i a l  
o r  p a r a l l e l ,  t o  p r o v i d e  these f a c i l i t i e s .  Wi thout  a LAM grader, t h e  system 
w i l l  need t o  d i s a b l e  a l l  LAMS f r o m  t h e  c r a t e  w i t h  t h e  LAM and r e l y  on t h e  
i n t e r e s t e d  t a s k  say ing e i t h e r  "re-enable t h e  LAM" o r  " I ' v e  c l e a r e d  t h e  LAM but  
do n o t  re-enable i t  f o r  me." L e t  us hope here t h a t  t h e  t a s k  remembers t o  r e p l y  
and does n o t  a b o r t  between be ing  n o t i f i e d  o f  t h e  LAM and r e p l y i n g !  

What can be i n v o l v e d  i n  enab l ing  a LAM through t h e  system? F i g u r e  7.1 
shows a CAMAC system connected t o  a computer. I n d i c a t e d  are  a l l  p o i n t s  where 
software migh t  have t o  enable t h e  LAM o r  s e t  a b i t .  The two p o i n t s  i n  t h e  
CAMAC p l u g - i n  i n  ques t ion  are  c l e a r l y  t h e  r e s p o n s i b i l i t y  o f  t h e  code t h a t  i s  
s p e c i f i c  t o  t h a t  module, b u t  t h e  remain ing s i x  p o s s i b i l i t i e s  a re  best  taken 
c a r e  o f  by some system code, indeed o f t e n  must be taken care  o f  by such code. 

r u p t s  u n t i l  t h e  i n t e r e s t e d  t a s k  c l e a r s  t h e  LAM i n  t h e  module. 
Accept a reques t  f r o m  t h e  i n t e r e s t e d  t a s k  t o  re-enable t h e  LAM. 

COMPUTER 
I 

! ENABLElDlSABLE INTERRUPTS, OR 
SET PRIORITIES 
? 

n;n;r,m I 1 

BRANCH DRIVER 
! I  

A 

! ENABLE/DISABLE CRATE DEMANDS 
IN CRATE CONTROLLER 
I ENABLE/DISABLE OVERALL 
DEMANDS IN LAM GRADER 
I ENABLE/DISABLE INDIVIDUAL 
STATION LAM IN LAM GRADER 
(MASK) 
! ENABLE/DISABLE MODULE OVERALL 
LAM 
! ENABLE/DISABLE MODULES 
INDIVIDUAL LAM 

! ENABLE/DISABLE BRANCH/SERIAL 
DEMANDS 
! ENABLE BRANCH DRIVER COMPUTER 
INTERRUPT 

Fig .  7.1. 
The p a t h  o f  a LAM through t h e  system. 
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Although t h i s  enabl ing process does look complicated and involved, i n  
p r a c t i c e  (once i t  i s  fought  through and coded) i t  proves t o  be no problem f rom 
then on. I t i s  s imply  a quest ion o f  being aware o f  t h e  problem and checking 
t h e  hardware manuals. 

7.3 P r i o r i t i e s  f o r  LAMs 

One t h i n g  t h a t  CAMAC does no t  p rov ide  i n h e r e n t l y  i n  the  hardware i s  t he  
a b i l i t y  t o  have LAMs a t  d i f f e r e n t  p r i o r i t i e s .  I n  general, LAMs are e i t h e r  
enabled o r  no t  enabled. The on ly  p r i o r i t y  t h a t  does e x i s t  i s  i n  t h e  LAM s o r t -  
i n g  once an i n t e r r u p t  has occurred. Th is  can be e i t h e r  hardware o r  software, 
bu t  i f  two LAMs occur almost simultaneously, then c l e a r l y  one i s  chosen f o r  
serv ice  f i r s t .  Once the  choice i s  made, and t h e  serv ice  o f  t h a t  LAM i s  s t a r t -  
ed, how responsive can we make t h e  system t o  a new LAM t h a t  we deem t o  be o f  
h igher  p r i o r i t y ?  

The shor tes t  response t ime poss ib le  i s  t he  t ime t h a t  i t  takes t o  c a r r y  ou t  
t h e  minimum serv ice  o f  t h e  prev ious LAM. This  serv ice  can be the  minimum nec- 
essary t o  c l e a r  t h e  LAM i n  t h e  hardware and queue t h e  f u r t h e r  processing o f  t he  
LAM by code t h a t  can r u n  w i t h  i n t e r r u p t s  enabled. Thus t h e  i n i t i a l  response 
t i m e  i s  determined by the  minimum-service time; t h e  f u l l  response t ime i s  se t  
by t h e  schedul ing o f  the  processing o f  queued i n t e r r u p t s .  Th is  l a t t e r  can 
e a s i l y  inc lude t h e  p r i o r i t i e s  needed, depending on the  computer type and 
opera t ing  system used. 

I n  p rac t i ce ,  a l l  t h i s  invo lves  overhead both i n  sof tware and hardware; 
w i t h  the  present  low p r i c e  o f  processors, i t  i s  cheaper t o  design a system w i t h  
s u f f i c i e n t  spare capac i t y  so t h a t  p r i o r i t y  problems do no t  a r ise .  Cer ta in ly ,  
one should look most c a r e f u l l y  a t  any aspect where the re  i s  an absolute c r i s i s  
t ime f o r  a response! Can t h i s  be removed onto hardware or a small dedicated 
processor? I n  summary, a t r u e  p r i o r i t y  s t r u c t u r e  f o r  i n t e r r u p t s  i s  on l y  o f  use 
when the  system has a severe rea l - t ime c r i s i s ,  and t h e  corresponding i n t e r r u p t  
r o u t i n e  must be s t a r t e d  t h e  moment the  hardware i n t e r r u p t  occurs. 

7.4 Timing - 

Timing of i n t e r r u p t  response i s  very dependent on the  a r c h i t e c t u r e  o f  t h e  
computer system used. Some systems leave a l l  t h e  saving o f  reg i s te rs ,  etc., 
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t o  t h e  so f tware  so t h a t  t h e r e  can e a s i l y  be 20-100 ps o f  overhead b e f o r e  t h e  
f i r s t  i n s t r u c t i o n  r e l a t e d  t o  t h e  i n t e r r u p t  i s  executed; PDP-11s come i n  t h i s  
c l a s s .  Other systems have i n s t r u c t i o n s  purposely  designed t o  make t h i s  over -  
head smal ler ,  b u t  s t i l l  so f tware  i s  invo lved.  Here t h e  overhead can be reduced 
e a s i l y  t o  %lo  us. 

F i n a l l y ,  t h e  most responsive computer des ign w i l l  have a complete s e t  o f  
r e g i s t e r s  f o r  each i n t e r r u p t  l e v e l  so t h a t  t h e  hardware swi tches t o  i n t e r r u p t  
p rocess ing  i n  approx imate ly  a microsecond. 

However, t h i s  i s  n o t  t h e  whole s t o r y - - t h e  winner o f  a race  i s  n o t  judged 
b y  who leaves t h e  s t a r t i n g  l i n e  f i r s t !  I n  some systems (where, f o r  example, 
t h e  processor  i s  s imp ly  histogramming d a t a  on i n t e r r u p t s )  t h i s  k i n d  o f  a r c h i -  
t e c t u r e  i s  most impor tant ,  I n  o t h e r  systems (where each i n t e r r u p t  requ i res ,  
on average, r a t h e r  more process ing)  t h i s  speed o f  c o n t e x t  s w i t c h  may w e l l  be 
dwarfed by t h e  d i f f e r e n t  p rocess ing  speed o f  another processor  o r  even by a 
b e t t e r  o p e r a t i n g  system. T h i s  l a t t e r  p o i n t  a r i s e s  because a t  some p o i n t  t h e  
i n t e r r u p t  code needs t o  communicate w i t h  t h e  r e s t  o f  t h e  system, and t h e  f o r -  
m a l i z a t i o n  o f  t h i s  can e a s i l y  i n v o l v e  t i m e s  o f  0.2 t o  4 ms! But  t h i s  i s  g e t -  
t i n g  a l i t t l e  f a r  f r o m  CAMAC. The impor tan t  p o i n t  t o  make i s  t h a t  no p a r t  o f  
a system should be looked a t  i n  i s o l a t i o n .  Rather i t  should be considered i n  
t h e  context ,  b o t h  o f  t h e  r e s t  o f  t h e  system and t h e  requirements on t h e  system. 

7.5 Graded LAMs o r  S t a t i o n  Numbers? 

A s  we have a l r e a d y  seen, t h e  f a c i l i t i e s  e x i s t  i n  t h e  CAMAC system t o  p a t c h  
LAMs t o  s o - c a l l e d  Graded LAMS such t h a t  t h e  i n t e r r u p t i n g  s t a t i o n  number i s  l o s t  
un less  t h e  p a t c h  t a b l e  i s  r e f e r r e d  t o .  I n  some s p e c i a l  systems, t h i s  p a t c h i n g  
can g r e a t l y  speed up process ing.  Remember, one can a l s o  l o g i c a l l y  "OR" LAMs. 
T h i s  f a c i l i t y  has most use i n  event-based d a t a - a c q u i s i t i o n  systems, where t h e  
LAM i s  a l o g i c a l  LAM t h a t  t r i g g e r s  t h e  d a t a - a c q u i s i t i o n  sequence. I n  most 
o t h e r  systems, a LAM f rom a p a r t i c u l a r  s t a t i o n  t r i g g e r s  a c t i o n  on t h a t  s t a t i o n  
and o thers ;  t h e r e f o r e ,  hav ing t h e  hardware present  a s t a t i o n  number r a t h e r  t h a n  
a Graded LAM i s  f a r  more appropr ia te.  I n  t h i s  case, i f  some LAM "0R"ing i s  
requ i red ,  i t  can be s imp ly  achieved i n  sof tware.  Thus, a l though f a c i l i t i e s  
e x i s t  t h a t  can grade LAMs, one should t h i n k  c a r e f u l l y  b e f o r e  i n v o k i n g  them. 

e 
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8.  THE CAMAC-COMPUTER COUPLER 

8.1 I n t r o d u c t i o n  

I n  t h i s  l a s t  s e c t i o n  I want t o  examine how one should i n t e r f a c e  a CAMAC 
system t o  a computer and t o  ask t h e  ques t ion  i f  t h e r e  are  good and bad i n t e r -  
faces.  F i n a l l y  we w i l l  l ook  a t  t h e  var ious  DMA modes d e f i n e d  i n  t h e  "Block 
T r a n s f e r s  f o r  CAMAC." 

8.2 The Address Space Problem 

Few computers p r o v i d e  an 1/0 address space o f  g r e a t e r  than 12 b i t s  o r  
4096. Is t h i s  s u f f i c i e n t  f o r  CAMAC? F i g u r e  8.1 shows t h e  address space 
requirements,  and i t  w i l l  be seen t h a t ,  w i t h o u t  s p e c i f y i n g  a branch number a t  
a l l ,  a t  l e a s t  20 b i t s  o f  address space a r e  requ i red .  C l e a r l y  t h i s  does n o t  
f i t ,  and so a s o l u t i o n  must be found. The problem a r i s e s  n o t  because CAMAC i s  
a dev ice  t o  be i n t e r f a c e d  t o  an 1/0 system, b u t  i t  i s  i t s e l f  an 1/0 system. 

T h i s  problem i s  so lved by hav ing one o r  more r e g i s t e r s  i n  t h e  CAMAC cou- 
p l e r  t h a t  s t o r e  t h e  e x t r a  b i t s ,  l e a v i n g  o n l y  a few t o  be d e f i n e d  by t h e  1/0 
address accessed. I n  some systems i t  might  be p r e f e r a b l e  t o  access CAMAC 
comple te ly  th rough r e g i s t e r s ;  i t  r e a l l y  depends on t h e  1/0 s t r u c t u r e  o f  t h e  
computer concerned and on t h e  a p p l i c a t i o n  f o r  which t h e  c o u p l e r  i s  designed, 
b u t  more o f  t h a t  l a t e r .  

8.3 The Data Problem 

Al though technology i s  changing r a p i d l y ,  i t  i s  s t i l l  m o s t l y  1 6 - b i t  com- 
p u t e r s  by which CAMAC i s  d r iven .  When CAMAC was f i r s t  s p e c i f i e d ,  t h i s  t r e n d  
was n o t  a t  a l l  c l e a r ,  and t h e r e  e x i s t e d  a number o f  2 4 - b i t  machines. However, 
t h e  d a t a  w i d t h  o f  CAMAC i s  we l l - tuned t o  t h e  p r e c i s i o n  w i t h  which one can make 

c 

6 4 5 
' p h y s i c a l  measurements. Al though most 

716 
modules i n  f a c t  do n o t  use t h e  upper C N A F I 1 I I I - 

PARALLEL BRANCH 21 BITS 
SERIAL HIGHWAY ?o BITS 

8 b i t s  o f  t h e  d a t a  path,  f o r  those 
t h a t  do a r e g i s t e r  can be used i n  t h e  
computer c o u p l e r  f o r  t h e  h i g h  8 b i t s  F i g .  8.1. 
t o  overcome t h e  d e f i c i e n c y .  CAMAC address space requi rements.  
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So, l e t  us see what a CAMAC w r i t e  o p e r a t i o n  m igh t  l ook  l i k e .  F i g u r e  8.2 
shows such an opera t i on .  T h i s  assumes a 1 6 - b i t  computer and a l s o  assumes t h a t  
one o n l y  uses r e g i s t e r s  and n o t  address space t o  address CAMAC. Thus, t h i s  
c o u p l e r  w i l l  t a k e  o n l y  4 I/O addresses on t h e  computer 's 1/0 bus. The a c t u a l  
o r d e r  o f  t h e  o p e r a t i o n s  can d i f f e r ,  b u t  i n  F i g .  8.2 t h e  f i r s t  1/0 o p e r a t i o n  
w r i t e s  t h e  e x t r a  address b i t s  t o  a r e g i s t e r  i n  t h e  coup le r .  The second opera- 
t i o n  t h e n  w r i t e s  t h e  8 most s i g n i f i c a n t  d a t a  b i t s ,  t h e  t h i r d  o p e r a t i o n  t h e  
rema in ing  d a t a  b i t s ,  and l a s t  t h e  remainder o f  t h e  CAMAC address i s  w r i t t e n .  
T h i s  l a s t  w r i t e  can t r i g g e r  t h e  CAMAC c y c l e  on t h e  branch and t h e  r e s u l t a n t  Q 
and X can be read  back f r o m  a s t a t u s  r e g i s t e r ,  which i s  n o t  shown. 

C l e a r l y ,  i f  1 6 - b i t  d a t a  i s  t o  be w r i t t e n ,  t h e  w r i t i n g  o f  t h e  d a t a  h i g h  
r e g i s t e r  can be omi t ted .  Also, i f  t h e  e x t r a  address b i t s  do n o t  change between 
success ive operat ions,  t h e  w r i t i n g  o f  t h a t  r e g i s t e r  need be done b u t  once. 

Where a computer uses a p a r t i c u l a r  p a r t  o f  i t s  memory address space t o  
access t h e  1/0 system, t h e n  t h e  w r i t e  d a t a  low o p e r a t i o n  can be done n o t  t o  a 
s i n g l e  address, b u t  t o  one o f  a range o f  addresses, t h e  exac t  address d e t e r -  
m i n i n g  t h e  f i n a l  CAMAC address b i t s .  Thus, u s i n g  t h i s  technique, t h e  f u l l  
CAMAC w r i t e  o p e r a t i o n  i s  reduced t o  t h r e e  1/0 t r a n s f e r s .  T h i s  i s  t h e  
techn ique  which i s  o f t e n  used on PDP-11s and LSI-11s. 

F i g .  8.2. 
The a1 1 - r e g i s t e r  CAMAC-computer 
coup1 e r  . 
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8.4 S o l u t i o n s  t o  t h e  Address Suace Problem 

C 

As was p o i n t e d  o u t  above, o f t e n  one does n o t  need t o  w r i t e  t h e  e x t r a  CAMAC 
address b i t s ,  t h u s  sav ing t i m e  and t r o u b l e .  However, one needs t o  choose which 
o f  t h e  CAMAC address b i t s  are s t o r e d  i n  t h i s  r e g i s t e r  t o  min imize t h e  need t o  
r e w r i t e  it. T h i s  cho ice  o f  b i t s  i s  very  dependent on t h e  a p p l i c a t i o n ,  b u t  two 
main choices do a r i s e .  

Once an event  occurs i n  a high-energy phys ics  experiment, t h e  sof tware 
needs t o  do t h e  same read f u n c t i o n ,  RD1, a t  many d i f f e r e n t  subaddresses o f  many 
d i f f e r e n t  modules i n  severa l  c ra tes .  F i g u r e  8.3 shows t h e  high-energy p h y s i -  
c i s t s '  v iew o f  t h e  CAMAC address, which r e f l e c t s  t h e  f a c t  t h a t  when he i s  most 

N F A I 

i n t e r e s t e d  i n  e f f i c i e n c y  t h e  f u n c t i o n  never var ies ,  t h e  c r a t e  number v a r i e s  b u t  
s lowly ,  t h e  s t a t i o n  number f a s t e r ,  and t h e  subaddress f a s t e s t  o f  a l l .  Thus, 
t h e  des igner  o f  a CAMAC coup ler  des t ined f o r  high-energy phys ics  use would 
choose t h e  b i t s  f o r  t h e  e x t r a  address r e g i s t e r ,  s t a r t i n g  f r o m  t h e  l e f t  o f  
F ig .  8.3. I n  t h i s  way i t  i s  q u i t e  p o s s i b l e  t h a t  t h i s  r e g i s t e r  i s  s e t  up o n l y  
once and then q u i t e  f o r g o t t e n .  

The o t h e r  v iew o f  t h e  CAMAC address i s  shown i n  F i g .  8.4. T h i s  view 
r e f l e c t s  t h e  f a c t  t h a t  most o t h e r  systems address one module a t  a t i m e  and t h e n  
c a r r y  o u t  severa l  o p e r a t i o n s  on t h a t  one module. Thus, such systems a r e  a t  an 
advantage i f  t h e  c r a t e  and s t a t i o n  i s  d e f i n e d  by a r e g i s t e r ,  and t h e  subaddress 
and f u n c t i o n  are  d e f i n e d  e i t h e r  by another r e g i s t e r  o r  by t h e  1/0 address 
used. A t  t h i s  p o i n t  t h e  a c t u a l  o r d e r  o f  t h e  subaddress and f u n c t i o n  i s  n o t  t o o  
impor tan t .  

There are  some systems t h a t  have severa l  o f  t h e  same k i n d  o f  CAMAC modules 
as a mul t i channe l  system. I n  t h i s  case, cons ider  t h e  advantage o f  t h e  c r a t e  
and s t a t i o n  being comple te ly  de f ined o n l y  by t h e  e x t r a  address r e g i s t e r .  T h i s  
need t h e n  be s e t  up once, and then common code can access t h e  module p o i n t e d  t o  
w i t h o u t  hav ing t o  concern i t s e l f  about t h e  a c t u a l  CAMAC s l o t  be ing addressed! 

F C N A C N A 

Fig .  8.3. F ig .  8.4. 
The high-energy p h y s i c i s t s '  view o f  The o t h e r  views o f  t h e  CAMAC address. 
t h e  CAMAC address. 
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8.5 The I n t e r r u p t  Problem 

Th is  problem i s  no t  concerned w i t h  g e t t i n g  t h e  i n t e r r u p t  t o  the  computer 
so much as what t o  do when an i n t e r r u p t  occurs dur ing  a CAMAC operat ion.  You 
w i l l  r e c a l l  t h a t  t he  software needs t o  save r e g i s t e r s  so t h a t  they can be l a t e r  
res to red  and t h e  i n t e r r u p t e d  program resumed w i thout  any e r ro r .  As  we have 
seen, a CAMAC opera t ion  takes more than one 1/0 i n s t r u c t i o n ,  so what happens i f  
t h e  i n t e r r u p t  occurs between these i n s t r u c t i o n s  and t h e  i n t e r r u p t  code i t s e l f  
uses t h e  CAMAC i n t e r f a c e ?  

There are a number o f  s o l u t i o n s  
1. Avoid t h e  problem by shu t t i ng  o f f  i n t e r r u p t s  dur ing  CAMAC cyc les.  
2. Use a computer-CAMAC coupler  t h a t  has a l l  r e g i s t e r s  as read /wr i t e  

r e g i s t e r s  so t h a t  t h e  i n t e r r u p t  response code can save and r e s t o r e  
these r e g i s t e r s  as we l l .  

3. I n h i b i t  j u s t  CAMAC i n t e r r u p t s  dur ing  a CAMAC operat ion,  which can be 
done i n  hardware by the  computer-CAMAC coupler.  

Before we examine these i n  more d e t a i l ,  l e t  us rev iew t h e  1/0 operat ions 
o f  a GAMAC w r i t e  cyc le  again. 

a. Wr i te  e x t r a  address b i t s  
b. Wr i te  da ta  h igh  
c. Wr i te  da ta  low 
d. Wr i te  remaining address b i t s  
e. Read Q and/or X response. 

Any scheme t h a t  we choose must take account o f  the  I x t  t h a t  any o r  a l l  o f  
steps a, b, and e can be absent i n  any p a r t i c u l a r  operat ion.  

So lu t i on  1 above avoids the  problem e n t i r e l y  bu t  does add overhead t o  each 
CAMAC operat ion.  Also t o  be considered i s  t ha t ,  i n  some operat ions,  Q o r  X 
w i l l  be tested; therefore,  t he  i n s t r u c t i o n  t o  re-enable i n t e r r u p t s  must be 
placed a f t e r  t h e  reading o f  these responses. 

So lu t i on  2 above a l lows i n t e r r u p t s  t o  occur a t  any t ime dur ing  a CAMAC 
operat ion,  bu t  it does add overhead t o  each i n t e r r u p t  because the  r e g i s t e r s  
must be read and restored.  In t he  best circumstances, where c and d are com- 
bined i n t o  a s i n g l e  1/0 opera t ion  and where Q and X are packed w i t h  data high, 
t h i s  means two r e g i s t e r s  must be saved and restored.  

So lu t i on  3 w i l l  avoid a l l  sof tware overhead bu t  f a i l s  t o  p rov ide  the  so lu -  
t i o n  t o  th ree  problems. It works by t h e  computer-CAMAC coupler  recogniz ing t h e  
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f i r s t  and l a s t  1/0 operation of a CAMAC sequence. For some computers, i t  i s  
possible that  an interrupt occurs a t  a point such t h a t  the coupler cannot stop 
i t  go ing  through t o  the computer in time. I n  t h i s  case, the interrupt routine 
needs t o  t e s t  f o r  t h i s  condition, and t o  return direct ly  i f  i t  occurs. The 
next problem i s  t o  determine what i s  the l a s t  operation. Once again the stand- 
ardized function codes help, b u t  wil l  the software t e s t  fo r  Q? If i t  does, 
then the CAMAC operation i s  n o t  over u n t i l  this i s  done, b u t  i f  Q i s  not t e s t -  
ed, then the operation i s  complete. To overcome th i s ,  the interrupt routine 
must save and restore the Q and X responses. 

However, the hardware solution does not overcome the problem i n  a rnulti- 
t a s k i n g  system where the processor i s  switched between different tasks as a 
resul t  of a non-CAMAC interrupt,  from the clock f o r  example. In t h i s  case, if 
a commercial operating system i s  used, then there i s  no solution except t o  
e i ther  add a CAMAC driver t o  the system or modify the system such that  CAMAC 
coupler registers are saved and restored along w i t h  the other regis ters  so 
treated by the operating system. 

One way t o  avoid these problems would be t o  provide several s e t s  of regis- 
t e r s  i n  the CAMAC coupler and t o  allocate each set t o  a single t a s k .  As f a r  as 
I know t h i s  has not  ever been done. 

Neither solution i s  a t r i v i a l  t a s k .  

8.6 Block Transfers 

Block t ransfers  are hardware-g nerated t ransfers  involving more t h a n  one 
CAMAC cycle. They are designed t o  t ransfer  medium t o  large amounts o f  data 
between the CAMAC system and the computer memory, and t o  do  i t  considerably 
f a s t e r  t h a n  can be done by software alone. A large number of different block 
t ransfers  are defined; they have many uses, b u t  typically only one or two types 
of block transfer m i g h t  be used i n  a single system. 

These are 
CAMAC Address Sequencing. One can e i ther  t ransfer  from or t o  a single 
CAMAC address, from a given ar ray  o f  addresses, or scan consecutive 
CAMAC addresses. 

2.  Synchronizing Source. The synchronizing source determines when the 
next operation wi l l  take place. The poss ib i l i t i es  are controller syn- 
chronized ( t h a t  i s ,  as f a s t  as one can go), Q response synchronized, 
CAM synchronized, and pseudo-CAM synchronized ( tha t  is, synchronized 

Three orthogonal considerations describe a block t ransfer  mode. 
1. 
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by a s i g n a l  connected d i r e c t l y  between t h e  module and t h e  b l o c k  t r a n s -  
f e r  c o n t r o l l e r ) .  

3. Operat ion Terminat ion.  The b l o c k  t r a n s f e r  can be te rmina ted  by a 
channel word count, a f i n a l  address reached, Q=O response ( w i t h  t h i s  
d a t a  e i t h e r  be ing  v a l i d  o r  i n v a l i d ) ,  on a LAM s igna l ,  o r  on a pseudo 
LAM s i g n a l .  

A l l  p o s s i b l e  combinat ions add up t o  r a t h e r  a l a r g e  number o f  d i f f e r e n t  
modes, b u t  h a p p i l y  t h e y  b o i l  down t o  b u t  a few common b lock  t r a n s f e r  modes. 

Table 8.1 l i s t s  a l l  these p o s s i b i l i t i e s  and t h e  s i n g l e  l e t t e r s  t h a t  r e p r e -  
sent  them. As an example, a mode t h a t  t r a n s f e r s  d a t a  between t h e  computer 
memory'and a s i n g l e  CAMAC address, a t  f u l l  speed and f o r  a number o f  words s e t  
by a word count, would be UCC mode. I n  what f o l l o w s  I propose t o  cover  some o f  
these modes b u t  by no means a l l  combinat ions;  I count 96 combinat ions!  

8.6.1 Stop Mode (UCS and UCW). T h i s  i s  a uni-address b l o c k  t r a n s f e r ,  
c o n t r o l l e r  synchronized and te rmina ted  w i t h  a Q response. I n  t h i s  mode, t h e  
CAMAC module must generate a Q = l  f o r  each v a l i d  t r a n s f e r  and a Q=O f o r  any f u r -  
t h e r  o p e r a t i o n s  a f t e r  t h e  end-of-block c o n d i t i o n  has been encountered. Thus, 
t r a n s f e r s  c o n t i n u e  a t  f u l l  c o n t r o l l e r  speed u n t i l  a Q=O response i s  received.  
I f  t h i s  l a s t  t r a n s f e r  c o n t a i n s  v a l i d  data, t h e  mode i s  UCW mode o therw ise  t h e  
mode i s  UCS mode. The b l o c k  t r a n s f e r  c o n t r o l l e r  w i l l  then  have recorded t h e  
number o f  d a t a  words t r a n s f e r r e d  and w i l l  u s u a l l y  have been s e t  w i t h  a maximum 
count  t o  p r o t e c t  t h e  memory o f  t h e  computer. 

8.6.2 Address Scan - Mode (ACA). The o b j e c t  o f  t h i s  mode i s  t o  access sue- 
c e s s i v e  subaddresses th rough a system, read ing  o u t  each one i n  t u r n .  T h i s  mode 
t y p i c a l l y  i s  used i n  a high-energy phys ics  o r  i n  o t h e r  event-based experiments. 
The a l g o r i t h m  f o l l o w e d  i s  t o  per fo rm t h e  o p e r a t i o n  a t  t h e  s t a r t  address and, 
i f  a Q=l i s  received,  increment t h e  subaddress f o r  t h e  nex t  opera t ion ,  I f  Q=O 
i s  received, then t h e  subaddress i s  s e t  t o  zero and t h e  s t a t i o n  number i s  
increased. Q=O i n d i c a t e s  t h a t  t h e r e  i s  no d a t a  a t  t h a t  subaddress, e i t h e r  
because t h e  r e g i s t e r  does n o t  e x i s t  o r  because i t  has no v a l i d  data. C l e a r l y ,  
i f  A(15) i s  read, i t  i s  assumed t o  be t h e  l a s t  subaddress; t h e  subaddress i s  
then s e t  back t o  zero and t h e  s t a t i o n  number incremented. 

A r e s t r i c t i o n  o f  t h i s  mode i s  t h a t  t h e  d a t a  must be ready t o  be read o u t  
because t h e  Q response i s  a l ready  used t o  c o n t r o l  t h e  address incrementat ion.  
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F i r s t  L e t t e r  
U 
M 
A 
E 

Second L e t t e r  
C 

Q 
L 
D 

Th i rd  L e t t e r  
C 
A 
S 
W 
L 
D 

Table 8.1 

BLOCK TRANSFER MODE DESCRIPTOR 

CAMAC Address Sequencing 
Uni address 
Mul t iaddress ( ca l cu la ted  o r  g iven ar ray)  
Address scan 
Extended address scan 

Synchronizing Source 
C o n t r o l l e r  
Q-response 
LAM s igna l  
Pseudo LAM ( d i r e c t  module-control l e r  connect ion) 

Operation Terminat ion 
Channel word count 
Terminal address reached 
Q=O on l a s t  v a l i d  t r a n s f e r  +1 
Q=O on l a s t  v a l i d  t r a n s f e r  
LAM s igna l  
Pseudo LAM s igna l  ( d i r e c t i o n  module-contro l ler  
connect ion) 

It i s  a l so  q u i t e  poss ib le  t o  have an X=O response because o f  a miss ing module, 
and a module w i t h  an e r r o r  o f  some k ind  can a l so  d i s t u r b  the  opera t ion  o f  t h i s  
b lock t rans fe r .  Thus, systems t h a t  use t h e  address-scan mode need t o  be 
designed w i th  care  and, indeed, should have known data  words read ou t  a t  ce r -  
t a i n  p o i n t s  as a check. 

The scan i s  terminated when t h e  f i n a l  address i s  reached. Some hardware 
has t h e  a b i l i t y  t o  rese t  t he  s t a t i o n  number t o  1 and t o  increment the  c r a t e  
number when a predetermined s t a t i o n  i s  reached. 
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8.6.3 Repeat Mode (UQC). Th is  i s  a uniaddress b lock t rans fe r ,  Q-response 
synchronized, c o n t r o l l e r  terminated. This  mode can be used when the  module 
cannot accept o r  g i ve  data a t  t h e  f u l l  CAMAC ra te .  The c o n t r o l l e r  c o n t i n u a l l y  
reads o r  w r i t e s  da ta  from o r  t o  the  module, and the  module re tu rns  Q = l  f o r  suc- 
cess fu l  t r a n s f e r s  and Q=O f o r  a l l  others.  The c o n t r o l l e r  w i l l  c o n t i n u a l l y  t i e  
up the  CAMAC system u n t i l  t he  block t r a n s f e r  i s  complete. Thus, i t  i s  not  
recommended f o r  slow CAMAC modules unless system considerat ions say t h a t  t h e  
CAMAC system has no o the r  task a t  t h i s  time. Care must be taken because module 
design prov ides some d i f f i c u l t i e s  i n  dea l i ng  w i t h  the  CAMAC c y c l e  t h a t  occurs 
j u s t  as t h e  data becomes ready. 

8.6.4 C lass ic  DMA (UCC). This  mode i s  a t  a s i n g l e  CAMAC address a t  f u l l  
As such, i t  repre-  c o n t r o l l e r  speed f o r  a predetermined number o f  t rans fe rs .  

sents a c l a s s i c  DMA 1/0 operat ion t o  read o r  w r i t e  a b lock o f  data. 

8.6.5 LAM Synchronized Stop Mode (ULS and ULW). I n  t h i s  mode, t h e  LAM 
f rom the  addressed module synchronizes each t r a n s f e r  f rom o r  t o  the  module, 
and t h e  module s igna ls  the  end o f  t he  b lock t r a n s f e r  w i t h  a Q=O response. As 
before, ULS mode s igna ls  Q=O on t h e  f i r s t  i n v a l i d  t rans fe r ,  ULW on the  l a s t  
v a l i d  t rans fer .  Thus, f o r  ULS mode, t h e  module needs t o  generate an "end o f  
b lock"  LAM and then r e t u r n  t h e  Q=O when t h e  c o n t r o l l e r  responds w i t h  a CAMAC 
t rans fe r .  As before, reaching a predetermined number o f  t r a n s f e r s  a lso  w i l l  
t e rmina te  t h e  b lock t r a n s f e r .  

Th is  i s  a good mode t o  use when reading o r  w r i t i n g  t o  a slow device, such 
as a te rmina l ;  t h e  CAMAC system i s  on l y  taken by v a l i d  t r a n s f e r s  because o f  t h e  
use o f  t he  LAM f rom t h e  module t o  s igna l  e i t h e r  "data ready" o r  "ready f o r  
d a t  a. It 

8.6.6 D i r e c t  Synchronized Stop Mode (UDS and UDW). These modes are 
e x a c t l y  s i m i l a r  t o  the  preceding modes except t h a t  a d i r e c t  synchronizat ion 
s igna l  i s  wi red between t h e  module and the  DMA c o n t r o l l e r .  One d i f f e r e n c e  i s  
t h a t  by avoid ing t h e  LAM handl ing mechanism, these two modes can, i n  some sys- 
tems, be somewhat f a s t e r .  

8.6.7 Mu l t i dev i ce  Ac t ion  Mode (MCA). This mode a l lows block t r a n s f e r s  t o  
Th is  a r ray  might  be s e t  up as an ar ray  of a random a r ray  o f  CAMAC reg i s te rs .  
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addresses f o r  t h e  c o n t r o l l e r  o r  as a r e g u l a r  p a t t e r n  de f ined so t h a t  t h e  con- 
t r o l l e r  can c a l c u l a t e  t h e  next  address. One advantage o f  t h i s  mode i s  t h a t  no 
speci  a1 module fea tu res  are requi red.  

8.7 Requirements on Module Design 

C lear ly ,  f o r  some o f  t h e  above modes t o  work, t h e  Q response has t o  be 
de f ined and engineered c o r r e c t l y .  I n  p a r t i c u l a r ,  f o r  many t r a n s f e r  modes Q=1 
means da ta  accepted o r  da ta  v a l i d .  I n  o t h e r  modes, Q=O can mean data  v a l i d  bu t  
i t  i s  t h e  l a s t  v a l i d  t r a n s f e r .  

As regards t h e  LAM handl ing i n  a module, i t  i s  convenient f o r  DMA opera- 
t i o n s  i f  t h e  LAM, or p a r t i c u l a r  i n t e r n a l  LAMs, can be made a v a i l a b l e  t o  t h e  DMA 
c o n t r o l l e r  d i r e c t l y .  One scheme i s  t o  be able t o  connect t h e  re levan t  LAMs t o  
t h e  bussed patch l i n e s  P4 and P5. I f  t h e  DMA c o n t r o l l e r  i s  then s i t t i n g  i n  t h e  
same cra te ,  i t  can take  t h e  synchronizat ion s igna ls  d i r e c t l y  f rom these l i nes .  
Another s o l u t i o n  i s  t o  b r i n g  these s igna ls  t o  a f r o n t  panel  connector f rom 
where i t  can be connected d i r e c t l y  t o  t h e  DMA c o n t r o l l e r .  

As can be seen when des ign ing modules, thought has t o  be g iven t o  t h e i r  
s u i t a b i l i t y  f o r  use w i t h  a DMA c o n t r o l l e r .  A f u r t h e r  p o i n t  t o  make i s  t h a t  DMA 
synchron iza t ion  i s  a weak p o i n t  i n  t h e  CAMAC spec i f i ca t i ons ,  p a r t i c u l a r l y  a t  
t h e  highway and branch leve ls .  A l o t  can be done, bu t  t h i s  area would b e n e f i t  
f rom more s tandard iza t ion .  

9. CONCLUSION 

Although i t  i s  now 15 years s ince t h e  design o f  CAMAC was s ta r ted ,  CAMAC 
i s  s t i l l  i n  t h e  growth s ide  o f  i t s  l i f e  cyc le .  The reasons f o r  t h i s  are main ly  
t h e  l a rge  investment t h a t  has been made i n  CAMAC designs and systems by manu- 
f a c t u r e r s  and users. Thus i t  has cont inued t o  adapt t o  changes i n  bo th  tech-  
nology and demand. These f a c t s  have g iven new users confidence, both t h a t  i t  
i s  a working standard and t h a t  i t  i s  a l a s t i n g  one. Th is  l a s t  p o i n t  i s  most 
impor tant  because i t  prov ides conf idence t h a t  one w i l l  be ab le t o  extend t h e  
system over t h e  years ahead. 
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